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SCOPE 


Th# Structure Interface Oafinition Appendix B defines the mechanical Interfaces between Space lab and Its 
payload. The envelopes available for mounting payload hardware are specified together with the standard struc- 
tural attachment interfaces. 

Overall load capabilities and the local load capabilities for Individual attachment interfaces are defined for 
the standard mounting locations. For mcunting arrangements where the load capabilities are not easily pre- 
sentable in tabular or graphic form, or where individual analyses may be necessary on a case-by-case • 
basis, the available analytical tools are briefly listed. The mechanical environment is dsflned. Mechanical 
interfaces between the payload and the EPOS, CDMS and ECS are also included. 


2. CONTENTS OP THE DOCUMENT 

The experiment may Interface structurally with the following Spacelab /Orbiter hardware : 

- Aft Flight Deck 

- Module 

e Racks 

e Floor 

e CenterAisle 

• Overhead Structure 

• Containers 

• Common payload Support Equipment 

• Experiment Vent Assembly 

Pallet 

• Hardpolnts/Substructure 

• Panels 

e Cold Plates/Cold Plate Support Structure 

- Instrument Pointing System 

• Payload Integration Ring 

• Payload Clamp Assembly 

e Optical Sensor Package 
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3, Module 

A g«n«i^al overview of tha modula tntarior ia givan in Flgura 3.1 • 1 ♦ Standard structural Spacalab/ 
axparimant intarfacas ara provided to acconnmodata aquipment at 

•• tha axparimant racks 

Spacalab providas singla and doubla racks for tha accommodation Of 19^' typa of 
aquipmant. In tha racks ECS, EPDS» and COMS sarvicas for axpanmanta ara 

forasaan 

- tha modula floor 

tha cantar aisla is dadlcatad to axpartmants and providas ECS, EPOS, and COMS 
sarv' ces for axpartmants . 

tha side floor available for experiments at locations whara racks ara normally flown, 
tha underfloor area in the axparimant segment of tha module can be used for axpartmants 
by means of a user provided subfloor(see also para, 3. 3. 3. 3), 

• tha overhead structure 

experiments can make use of tha overhead stowage containers and axparimant rack 
attachment points at tha overhead structure whenever tha stowage containers and 
racks ara not Installed 

- the stowage containers 

Spacalab provides rack mounted and overhead mounted stowage containara for axparimant 
aquipmant. 

•* the common payload support equipment (CPSE) 

Spacalab provides an airlock with EPOS and COMS services for axparimanta ,a high 
quality window/vlawport assembly and a viewport assembly wi^,h mechanical attachmant 
provisions. 

Tha module also providas intarfacas fpr 

- tha axparimant vent assembly 

to dump gases from experiments into space by means of an axparimantar provided 
vent Una 

- the module connector brackets 

which provide intarfacas to COMS and EPOS on module level 

• axparimant utility routing proviaions 

which allow the routing of utilities under tha main floor from axparimant to axparimant or 
Spacalab subsystems. There are also provisions to route a vent Una and 
to route liquid lines to the experiment heat exchanger. 
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3.1 Module Characteristics 

3.1.1 Module Payload Envelopes 


For reference the overall accommodation geometry of the short and long module as well as the 
main payload envelopes are shown in Figures 3.1 - £a and 3.1 - 2b. 
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3.1.2 Module Location Idantificatlon Systam 

A location idantiflcation aystam haa baan aatabUahad for craw orientation in tna modula « Tha ayatam 
uaad for Spacalab aubayatama ia aiao applicabia for axparuT^ant aquipmant. 

Tha location idantiflcation ahould not ba confuaadwith tha racK numbartng ayatam aa daflnad in 
Section 3.1 *2.1 * 


3. 1.2.1 Location Idantiflcation Coda 

Tha location ia idantifiad by an atphanumaric coda* Thia coda dapictad in Figura 3.1 ^ 3 ia baaad on tha 
following groundrula: 


• Forward and eona (F) and aft and cona (A) locationa ara Idantifiad by a grid coordinate ayatam 
having a number 0 to 10 for distance from left to right as viewed and a latter for height from 
top to bottom , 

• Overhead stowage containara (0) numbered 1 through 14 from fora to aft (a.g. 012). 

• For tha rest the module is divided into 12 sUcea along the cylinder axis starting with 

0 for the forward endcone volume, followed by 1 through 10 repraaanting alicaa of single 
rack thickness and 1 1 being the aft end cone volume. 

A prefix letter denotes the location in th<y Y-2 plane: 

Tha right and left aide of the deck (main floor) ia coded DR and OL 
The right and left aide of center aisle equipment is coded CR and CL 
Tha right and left side of the underfloor is coded UR and UL 

Racks on the right and left side are coded R and L. For racks a suffix latter datarminaa 
tha height counting from top to bottom. 


Tha decoding of tha location identifier is given below 
example R 


9 


Prefix 


Number 


Suffix 


0 » Overhead container 

1 ... 1 4 fore to aft 

- 

F m Forward end cone 
A • Aft end cona 

1...10 left to right 

A...Z top to bottom 

R m Rack right aide 
L m Rack left side 

1 ... 10 fora to aft 

A. , .Z top to bottom 

OR m Deck right aide 
OL « Deck left side 

0...H fora to aft 

- 

CR ■ Center aisle right 
CL ■ Center aisle left 

0, « . 1 1 fore to aft 

- 

UR m Underfloor right 
UU ■ Underfloor left 

0...11 fora to aft 

m 


Tha example alphanumeric coda idantlftaa tha location of tha Intercom Remote Station in tha uppar 
I right part of rack 10# 
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3 * 1 . 2.2 


Location Id«ntirl«r on Front panels 


The location Identirier tagging will be performed by the mission operator* The experimenter has 
to reserve space on the front panels of fits equipment for a location identifier decal as shown in 
Figure 3.1 - 4, Required is an area of 12 x 27 mm^ preferably In location 1 , As a back up location 2 
is acceptable. 


1 ATATinU inKMTlBICa 



REPRODUCIBILITY OP THE 
ORIGINAL PAGE IS POf'R 


Figure 3. t - 4i Locator Coding System 


An example showing how the location identification is performed on Spacelah subsystems is 
shown in Figure 3.1 - 5. 


INTERCOM REMOTE STATION 


/ox SENS HOST VOL 
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Example-Locator Coding System 
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3.3 

Experiment Racks 

3.2.1 

Rack Characteristics 


Experiment recks ere stenderd 19 inch racks to accommodate stenderd as well as non • standard 
laboratory equipment. The total number of experiment racks is two double and two single racks in 
the core segment and four double and two single racks m the experiment segment. 

Experiment racks are mission dependent Space lab subsystem equipment and can be removed, if 
required, to this case, experiment equipment can be mounted at the same attachment points of 
the racks on the floor and the overhead structure (see also section 3.3.2 and 3.4) 

Within the envelopes shown in Figure 3.1 - 2a and 3,1 - 2b . 

Figure 3.2-1 Indicates the locations and the numbering system of the racks in the module., Rack 1 
and Rack 2 are reserved for subsystem equipment. 

The experiment racks are available for experiments and the foUoAfmg Spacelab Mission Dependent 
subsystem Edulpment ( MDE ) { 

- Experiment power switching panels; one in each rack is foreseen, 

- Remote Acquisition Units; one in each rack may be accommodated. 

Experiment heat exchanger and one experiment dedicated cold plate; both located 
only in the experiment rack no. 4 adjacent to the control center rack. 

- Remote Intercom Stations, located only in the racks no, 4, 7 and 10. 

- Air cooling system , 

Three dimensional views of swingle and double racks are given in Figures 3.2 - 2 thru 3*2 - 4, 

The contents of the experiment racks are compiled in Table 3.2 - 1 . 
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EXPERIMENT SEOMENT 


LONG MODULE 



CONTROL CENTER RACK 


no Exp. Racks 


WORK BENCH RACK 


SHORT MODULE 



Figure 3,2 - 1; Rack Numbering System 
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COOUNG DUCT 


RAU EXR 


HARNESS 


--- MLVE OfERATJON -EChANISH 
EXP PCTw^ER switch panel 
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Figure 3.2-2: Exoerimenj Single Rack. Three- 
Dimensional View 
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FSS TU8C 


COOLING DUCT 







SHUT OFF VALVE 


. I I 


— HAUORAIL 


INTERCOM REMOTE STATION 


■'* ' ii ! 

<* \ \ ; f 


{X X :: A u 


■valve operation mechanism 


, EXP POWER SWITCH. PANEL 


CONNECTOR BRACKET^ 



Figure 3.2 - 3: Experiment Double Rack, 


Three-Dimensional View 
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RACK STRUCTURE 


FSS TUBE 


i’7^ 





^.-HANDRAIL 




' ;H '» 

' i 







;\ ' : ! 








CONNECTOR BRACKET 


■ r- 

u--^ 



WATERLINE PLUMBING 


EXP HEAT EXCHANGER 


■ INTERCOM REMOTE STATION 


-COOLING DUCT 


• FSS BOTTLE 


^ VALVE OPERATION MECHANISM 


' SHUT OFF VALVE 


. EXR POWER SWITCH. PANEL 


Figure 3,^-4 : Experiment Double Rack 4 , 

Experirhent Module Coldplate and 
Experiment Heat Exchanger Installed 
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TaMt 3.2-1 Parti and Compontmt of Exparimant Racks 




Single 

Rack 




Double Rack 




5 

6 

t1 

12 

3 

4 

7 

4 

9 

10 

Structure 

Main frame 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

SM* wall 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

Rear wall 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

Double Rack middle frame ^ 

- upper truss structure (removable) 





1 

1 

1 

1 

1 

1 

- lower truss structure ~ 

- 

- 

- 

- 

1 

1 

1 

1 

1 

1 

Connector bracket 

1 

1 

1 

1 

2 

2 

2 

2 

2 

2 

Connector bracket access panel 

1 

1 

1 

1 

2 

2 

2 

2 

2 

2 

Removable shear load diagonals (maximum) 

2 

2 

2 

2 

4 

4 

4 

4 

4 

4 

Cable tie struts 

12 

12 

12 

12 

24 

24 

24 

24 

24 

24 

Center post Z- fittings ** 

... 

— 



22 

22 

22 

22 

22 

22 

Attachment fittings 
Type 1 

32 

32 

32 

32 

4d 

44 

44 

44 

44 

44 

Type 2 

24 

24 

24 

24 

24 

24 

24 

24 

24 

24 

Type 3 

24 

24 

24 

24 

24 

24 

24 

24 

24 

24 

Type 4 

— 

— 


— 

64 

64 

64 

64 

64 

64 

Type 5 


— 

— 

— 

8 

8 

4 

4 

4 

4 

Type 6 


— 

— 

— 

3 

a 

4 

4 

4 

4 

RAU Access Panel 

1 

t 

1 

1 

1 

1 

1 

1 

1 

1 

EPSP Access Panel 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

Thermal Control 

Air duct assembly 

1 

1 

1 

1 

2 


2 

2 

2 

2 

Fire suppression system 

1 

1 

1 

1 1 

1 

1 

1 

1 

1 

1 

Experiment heat exchanger 

- 




— 

1 


.. 



Experiment cold plate 


— 

— 

— 

— 

1 

— 

— 

— 

— 

Avionics 

Experiment power switching panel (EPSP) 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

Provisions for Remote Acquit. Unit (RAU) 

1 

1 

1 

1 

1 

1 

1 

1 

1 

, 1 

Intercom Remote Station (ICRS) 






1 

1 



1 


• uppar truss structure is an asiantiai structural aiamant which may ba ramovad only tamporariiy to 
aaia integration activity! 

** quantity uiad for cable tie struts 

if heat exchanger and/or cold piaia are installed 


L 


One additional Spaoafab supplied mission dependent data display syit. (CDS) can be installed in any standard experiment rack 
within the experiment envelopes provided 

Oimensions see Table 3 • 24 main volume of SPAH 
Description see para 4.4.6.3 
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3 . 2 . 1 . 1 Rac k Payload Enva lopas 

> 

Tha nominal anva lopaa avallabla for tha accommodation of payloads within racks, togathar with additional 
spaca- (subjact to rack flight configuration) ara given in Figures 3.2 - 5 . Variances are due to the ne- 
cessary installation of mission dependant subsystem equipment, such as EPSP^'s, RAUF'S, and the intercom 
remote stations. 


If the RAU is not installed a certain volume still has to be kept clear to allow Subsystem Access to the 
EP 3 P as indicated in the dr swings. This Subsystem Access volume may be used for easily removable 
e^<perlmBnt equipment only,e.g.for stowage drawers. 

The front protrusion envelopes are determined by operational constraints (floor panels, MGSE) and crew 
habitability considerations. 

The rear space (cross hatched area) is usually taken by the air ducts, the fire suppression lines, subsystem 
cabling, and experiment utilities attached to the tie struts. If a rack is used completely passive, i.e. without 
power supply and hence without the need for cooling, fire detection and fire suppression the full cross 
hatched area is available for payload. 

The triangular space at the kink of the rack (dotted area) Is also available for experiments. However, 
because of its shape it cannot be used for 19” slide-in equipment. 

The right side of a double rack and a single rack are Identical as far as the envelope is concerned. Only 
some double racks (4, 7, and 10) carry an intercom panel station in addition. The left side nf rack 4 
is different from the other double racks due to the accommodation of the experiment heat exchanger and 
cold plate. 

The height of front panel area available for experiments is called out in Panel Units (PU), A panel unit 
(including the maximum tolerance of 0.8 mm per total panel height) is equivalent to the smallest possible 
panel height in accordance with MIL-STD-189, i.e. *13.65 ^ = 44.45 mm (1 3/4 inch). 44.45 mm 

(1 3/4 inch) is also the pitch of the mounting pattern of the rack front posts. The details of Figure 3.2 - 7, 
lower part, apply for all experiment double racks (right sides) and all single racks. 

The respective upper and lower rack cross sectional envelopes for both single and double racks are 
given in Figure 3,2-5, 
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SECTION D-0 





Section i-f see also 
Fig. 3.2-i2b 


Explenacione set Fig, 3. 2 - 5b 


Figure 3.2 -5a: Payload Envelope - Douole Rack 


ESA REf NO 
SLP/2104 • 2 

European space agency 

SPACELAB PAYLOAD ACCOMMODATION HANDBOOK 
APPENDIX B 

ISSUE ; 1 

REVISION :0 
DATE : 31 JULY 1978 

1 




Nominal Envelope 

Envelope of 1 15 mm available for payload in 
completely passive stowage racKs which do 
not contain cables, airduct, and fire 
suppression line. 

This space is available for payload but 
cannot be used for 19” type equipment. 


Reduced Envelops 
when Airlock is flown in order to 
allow clearance during inte- 
gration of rack train with the air- 
lock already installed (see also 
Section 6,2 in the main volume) 


L 


Figure 3,2 - 5b: Payload Envelope - Single Rack. 
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SECTION B'B 


SECTION B-B 
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STANDARD SINGLE 
RACK 

STANDARD DOUBLE RACK 
(WITHOUT MIDDLE FRAME) 

STANDARD DOUBLE RACK 

SECTION G-G 

SECTION A- A 

SECTION A -A 

















SECTION 


se« Fig. 3.S -5a/b for definition of 
cross sections 


Section I-I see also 
Fig. 3.2-t2b 


— 1052 
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—443 — 




Figure 3,2 -- 5d: Payload Envelopes - Cross Sections 
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3.2*1 .2 


Assembly Orawlngs 


A»t#mbly drawing* oi* aU •xptrimant rack«,*howtng th* instatlation of miiaion dapandant aqu^pinant 
(MDE) as wall aa tha main dlmanslons,ara givan In this saction. 


Figura 3.2 -6 show* th* Expariment Slngla Rack 5 (also valid for Rack 6, 11 and 12). 


Figora 3.2-7 show* Exparimant Rack 3 (also valid for Rack 8 and 9) with th* Exparlmant Power 
Switching Pan* I (EPSP) and th* Ramota Acquiaitlon Unit (RAU) Installed In tha lower part of tha right 
side of tha rack, If no RAU is ln*taUad,acce*s to the EPSP connector* has to ba provided via a fra* 
space behind tha EPSP access panel (blind panel) which in this case raplacas th* RAU access panel, 

Figura 3.2-8 shows tha Exparimant Double Rack 7 (also valid for Rack 10) where in addition to 
Racks 3,8 and 9 an Intercom Remote Station (ICRS) is installed In the right side upper part of 
the rack. 

A special type of an Experiment Rack is represented by Rack 4, adjacent to Control Center Rack, 
In addition to th* ICRS and mission dependent equipment such aa the EPSP and the RAU, a Spacelab 
provided heat exchanger (HX) and coldpiate can be installed in the lower left side of thi* rack. 

Figure 3.2-9 shows Rack 4 with experiment heat exchanger and coldpiate installed* 

Depending on the Exp*riment*r1s requirements, it is possible to install either tha hast exchanger 
and/or the coldpiate (see also para 3. 2, 3. 3). 
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INTERCOM REMOTEH^ U 
I 1 STATION IICB8I t fT 


um 

H 


ACCESS WIDTH 


Issl 
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EXP. POWER SWITCHING PANEL (EPSPI 


EXP. PANELS 


Figure 3,2 -8*: Experiment Double Rack 7 ( same for Rack 10 ) 
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Figure 3.2 - 9a; Expertment Double Rack 4 (g-x peri merit HX and 
Cold Plate installed) 
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3. 2. 1.3 H«ndrAils 

Th« gtometry of th* handraUs for both slngla and doubla racks Is Identical; their respective location* and 
the cross sectional detail of the handrail la given in Figure 3.2 - 11. 

The handrails provide the posslbUUv to accommodate equipment via user provided clamps In compliance with 
the payload envelope protrusion shown in Figure 3.2 - 5, 

The allowable load for the handrails is limited to a local load of 588.6 N per rail. 588.6 N vs also the total 
load par rail. 


FWD 



Short Module - mounted at Single Rack 5 
Long Module -mounted at Double Rack 7 


Figure 3,2 - io j Location of Handrails 
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3.2.2 Structure Interface 

Tht rack structura (s designtd for standard 19‘* equipment. Mounting of Payload equipment may be 
eccompHshed by means of front panels (according to MIL-STO-189) and user provided internal support 
structure such as shelving, runners, rails etc » 

The front panels will be mounted to the front attachment holes. User provided support structure can be 
mounted to side attachment holes on rear and front rack posts . The actual accommodati on of experiment 
equipment also has to take into account how the particular rack is staged with subsystems, and rack 
structural elements like cable tie struts, shear load strut, and middle frame. 

3.2.2. 1 Standard 19*' Equipment 

The Space lata experiment racks are designed for standard 19*' equipment as defined in MIL.-STD-189. 

Its main characteristics as well as Spacelab peculiar modifications of this standard are summarized 
in this section . 
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3. 2. 2. 1.1 Pantl Slz* 


PU 

(PANEL UNIT) 

PANEL SIZES 

MIL-STO 

TYPE 

A 

B 

C 

0 

E 

F 

G 

H 

1 

43.65 

31.75 







AC 

2 

88.10 

76.20 







BC 

3 

132.55 

57.15 







CC 

4 

177.00 

101.60 







OC 

5 

221^45 1 

44.45 

57.15 

44.45 





EC 

6 

265.91 

57.15 

76.20 

57.15 





FC 

7 

310.36 

44.45 

146.05 

44.45 





GC 

8 

354.80 

88.90 

101.60 

88.90 





HC 

9 

399.25 

88.90 

146,05 

88.90 





JC 

10 

44.45 J 

88^ 

190.50 

88.90 





KC 

11 

488,16 n 

133,35“ 

146.05 

133.35 





LC 

12 

532.61 i 

—44.45. 

133.35 

101.60 

133J15 

44,45 



MC 

13 

577.06 ”1 

133,35 

44.45 

146,05 

44.45 

133.35 



NC 

14 

622.30 

44.45 

133.35 

190.50 

133.35 

44.45 



PC 

15 

‘665,96 1 

44.45 

177.80 

146.05 

177.80 1 

44.45 1 



RC 

16 

710.41 

44.45 

133.35 

88.90 

ioi.60 

88.90 

133.35 

44.45 

SC 

17 

754,35 i 

44.45 

133.35 n 

88.90 1 

146.05 

88.90 1 

1 33.35 

44.45 

TC 

18 

'800,10 : 

44.45 

133.35 

88.90 

190.50 1 

88.90 

133.35 

44.45 

UC 

1 

i 


1 

— — 1 
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Figure 3.2 - 12a : Panel Dimension (mm) MIL - STD - 189 


For the front panels closed slots according to MIL-STD-189 shall be used. For statically determined 
mounting one of these holes shall be a close tolerance hole(see also section 3 . 2 . 6 ) .These close tolerance 
holes shall be as near as possible to a stiffened part of the rack or of a diagonal strut. 
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3.2.2. 1 .2 


Box Sizt 


Th« box Width is dtrintd In Fig, 3,2-12b. However, the box height, l.e, the recess or the box behind 
the panel depends on the actual location in the rack. 

+ .4 

<1- normally the recess is ^4.6 mm . q * 

at the end of the rack opening (lower as welt as upper pert) 
the recess is *12 mm 

- at diagonal shear load struts where a front panel shall overlap 
half the strut clearance the recess is * 20 mm. 

« » see Fig. 3.2-5a and 3. 2-5d, Section I-I 


RECESS FOR MINIMUM CLEARANCE 


ao±o.5 
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3 * 2 . 2 .2 Exp^rimf nt Attachment Provisions 


Front panel mounting Is to the front attachment holes having a pitch of 31 .75 mm* 4- 12. 70 rnrT ■ 44.45 mm* 
(1 3/4‘*)* these holes Spacelab provides various attachment fittings with captive nuts for user provided 
M 5 bolts . 


experiment support structure is mounted to the side attachment holes on rear and front posts by means of 
user provided M 5 bolts and nuts. The side attachment holes have a pitch of 22.225 rrm.Oua to Interference 
with the stiffeners of the sidewalls, some lateral holes may not be accessable for experiment installation. 
Details are TBD. 

For side attachment to the middle frame Spacelab provides Z profile brackets which provide the 
necessary clearance from the middle frame truss structure. 


* Note : Dimensions apply to all panel mounting holes. Vertical tolerance lsdO.2 mm 
between any two mounting holes. (Tolerances not to be cumulative!) 
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3 • 8 • 2 • 2 • 1 Front Attachment 


Oovotooad Vlow on Front 
Sida 


Nota: 

Vartical tolarancaa bat/vaan 
any two mounting holaa 
J 0 . 2 mm (not to ba 

accummuiatlva) . 


Saction A-A /B*0 
aaa Fig. 3.2->13d 
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Flgura 3.2 - 13a: Front Attachments - Doubla Rack 


DETAIL I 
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Not«; Vertical tolerances between 

any two mounting holes + 0*2 mm 
(not to be accummulative) . 


.L 


Details I and II sec Figure 3.J - 13d 


Section E-E / F-F see 
Fig.3.2-13g 


Developed View on Front Side 


563,5 
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Figure 3.2 - I3f ; Front Attachment - Single Rack 
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Not#: 


VtrtiCAl ColtrAocts b«tw««n any t^o mounting holgs 
+ 0.2 mm (not to b« accummulativa). 


□•tail r aaa Fig, 3.2-15b 
I -15c 

m -i5d 



Pigur* 3.a • iSa: Sid* Attachment Mlddt* Pram* 
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\X\ 






Z - profile 
bracket 

(other locations 
possible) 


FRONT ATTACHMENT HOLES 


Sloe ATTACHMeWT HOLES 


Z - profile bracket 
(other locations possible) 


Tolerances between any two mounting holes i 0.2 mm 
(not to be accummulatlve) 


Figure 3.2 - 15b i Detail I (Side Attachment Middle Frame) 
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3tS.S*2.3 Attachment A(d« 

Spacelab providaa a aat of special attachment fittings for equipment installation on front posts ^ 

The various types of attachment fittings are shows/n in Figure 3.2 * I5e; the quantity delivered by 
Space lab is given in Table 3,2 - 1 . 

Figure 3.2 - 15f shows the types of 2-fittings for equipment support on the front and the rear middle 
post of a double rack. These fittings are mandatory whenever additional support structures must be 
used for eoulpment installation. Type I vvill be delivered by Spacelab to be used for cable tie struts; 
hence additional quantities wilt have to be provided by the user. 

Type 2, 3 and 4 are shown for information only and are to be supplied by the user. 

Respective examples of equipment support schemes are shown in Figure 3.2 - tg. 


Attach Fitting Type 1 


Attach Fitting Type 2 


EQUIPMENT 


Section A - A 


i 


^ : 

h 

“i 1 


t-r 

1 1 

5 



£ 



s 

s 



.prsciis ssTCNTiON aou 

\THSU MOOUIAS HOLCS m ^ 


NUT PLATf 
ADAPTER CU$ 


£ AMILN2ftSt2 
e . 9NI/T PLATE 
Q ^-riOATINO — 


EQUIPMENT 






EQUIPMENT 


To be used at side posts for small panels To be used at right (left) side posts for large 

(1 and 2 PU's)*used consecutively. panels only (greater than 2 PU^)*used 

consecutively 

♦ PU ■ Panel Unit 


L 


Figure 3.2 - 15e ♦ Attachment Fittings 
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Attach Fitting Type 4 


Attach Fitting Type 3 


CLIP PCTENTION BOLT 



To be used at left (right) side posts for large 
panels only (greater than 2 PU*!sA^sed consecutively 



To be used at center post for large panels only 
(greater than 2 PU'^A^eed consecutively 


Attach Fitting Type 5 


Attach Fitting Type 6 


TBD 


TBD 


To be used only at the ends of the center To be used at the center post for small panels 

post for small panels (2 PU'b)* (1 and 2 PU^i)*used consecutively 


* PU ■ Panel Unit 


L 


Figure 3.2 - 15e t Attachment Fittings 
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Z-rittir>g Typ« 1 


MOOULAK HOLCt 



Ty^ 1 as usad at Typs 1 as usad at front canlar post 

roar cantar post 


Z-Fltttng Typa 2 2-Fltting Typa 3 


It 



for informatton only for Information only 

Z-Fltting Typa 4 


It 

m 



for information only 


Figure 3.2 - 15f : Cantor Post 2-Flttinga 
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3, 2, 2. 3 Rack Structural Elements 

3, 2. 2, 3,1 Diagonal Shear Load Strut 

Removable diagonal shear load struts ^ stiffening the racks can be installed in various locations of the 
lower part of double and single racks. 

Twd shear load strut sets are foreseen for each single rack and for each side of a double rack. 

In a double rack tne diagonal shear load struts can be independently installed on each side of the rack, 
The overall load carrying capability of a rack as a function of number and position of shear load struts 
installoci IS given in section 3,2.6, 1 , 


There are fixed diagonal shear *oad struts in the upper part of double and single racks, These fixed 
diagonal shear load struts do not affect experiment installation activities directly, However j they are 
Shown here in this section due to potential interference with utility routing and accessibility. 
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View and HI^ see Fig, 3.3 - 16c 


L 


Figure 3.S - 16b: Removable Diagonal Shear Load Strut - Left Side Double Rack 


J 


a 3.2 -45 


ok thi^ 

miGlNAL PAGE IS POOE 












r 


ESA REF NO 
SLP/2104-2 


EUROPEAN SPACE AGENCY 
SPACE LAB PAYLOAD ACCOMMODATION HANDBOOK 
APPENDIX B 


ISSUE : 1 
REVISION :0 
DATE : 31 JULY 1978 







ESA REF NO 
SLP/2104-2 

EUROPEAN SPACE AGENCY 
SPACE LAB PAYLOAD ACCOMMODATION HANDBOOK 
APPENDIX B 

ISSUi : t 

REVISION ;0 
DATE ; 31 JULY 1«7t 

• 

1 


3. 2.2. 3, 2 Cabl* Ti« Strut 

C«bl« Ti« Struts in ths rsar of th* rack ara forasaan to 

• support airduct, fira supprassion Una and subsystana cabias 

# support axparimant util Itias 

Tha cabla tia struts which support Spacalab subsystanr^s hava to stay in positions dafinsd in ssction 
3*2.3. 1» Airduct - Fira Supprassion Lina Conffrjuratlon. 

Tha othar cabla tia struts may ba installad according to axperimantar neads. 

In singla racks tha cabla tia struts are mountad to vartical hola rows attacK to tha rack sida panals. 

In doubla racks tha mounting at tha outer sides is tha sama. Howavar, at tha mlddla frama each cabla 
tia strut is mountad through a dedicated bracket to tha axparimant sida attachment holes at tha rear. 
This potential intarfaranca between axparimant support structure and cabla tia struts must ba taken 
into account for axparimant accommodation in tha racks. 
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3,2. 2.3.3 Middle Frame 


The upper middle frame of an experiment double rack is an essential structural elemrnt which may be 
removed only temporarily to ease integration activity. 

The lower middle frame of an experiment double rack Is removable.The load carrying capability of the rack with 
removed lower middle frame is subject of a case by case analysis. However, if the middle frame Is removed 
RAU and EPSP only be installed by means of user provided substructures. 

Therefore, unless hardwar^ Is provided by the user which partly takes over the functions of the middle frame, 
the removal of tha middle frame Is possible only in racks which are used for completely passive stowage. 

When the middle frame is not installed the rack/middle frame attachment interface is available for users. 
However, load data for these interfaces are not provided. 

Details of the rack/middle frame interface are shown in Figure 3.2 18 
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upper Middle Frame 

Ji 


Lower Middle Frame 




^ May be removed only temporarily 
to ease intepration activity! 






^SEE FIG. 3.2 - 18 e 





(180 turned) 


Figure 3.1 - 18a ; Double Rack Middle Frame 
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se* Fig. 3.a-15d 


-699.9tO.0- 


— 685 . 8 + 0 . 8 • 

649 , 8 ± 0 . 8 -— ~ 

- 629 , 8 ± 0.8 — 


H0LC9 •U 

-T^ 

a- 






Not«: T-profUe interface^rivctad Z-profil« not shown 


Figurs 3.2 - 18s : Middls Frsms Rack Intsrfacs at T-Proftls 
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3, 2.2.4 Exampl^a of Experiment Attachment 

The modular rack concept provides for the accommodation of other support structure in addition to that normally 
provided by Spacelab. Such equiprtient will be user supplied^ examples of which might include shelving and 
supports for equipment in accordance with ARINC 404 A, Examples of such support structures together with 
a typical method of attachment to the rack stmjcture is given in Figure 3.2-19 a for single racks and in 
Figure 3. 2 - 19 b for double racks. Details of typical support str^jcturv cr^ss-sections are given in Figure 
3, 2 - 19 c, Details of equipment mounting support are shown in Figure 3.2 - 1 9d. 

Stiffness of the support structure is recommended to have 35 Hz, otherwise mass should be reduced 

in accordance with the accelerations given in para 3.2.7, 


For Che design of equipment boxes, It Is important to check carefully, where it is possible to attach user 
proshded structures to the rear posts for support, considering the existing cable tie struts, diagonal shear 
load struts, etc. 
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Standard Cabla Tie Strut Attachment 


Z - profile bracket 


ll^^4.Blyiai-(ai -88 88 -J8 jJSLyJSL.0 


! i ! 



Modified Cable Tie Strut Attachnnint (54mm depth) 


■ . . i ^ ' : ' ,i ! i 


Z - profile bracket 
^^US«R PROVIDED 



.3 .3. ^ 


Cable Tie Strut mounted to Side Rails 


\ t - P M • 8 .1 



' User provided 
Side Rails 






User provided Tie Strut 


Figure 3.2 =-i9b: Example of Cable Tie Strut Interface 
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DETAIL I 


AOAmfl RCaUiREO 


t! 

[Wi 


WOOULAR MOtES 
<^5.2 


DETAIL II 


2. ARINC SU^^ORT STRUCTURE 

3. BACK SUPRORTEO 
FRONT EQUIPMENT 

AFT CENTER 



DETAIL lit 



ADAPTER REQUIRED 


Figure 3.2 - I 9 e; 


Example - Support Structure Side View 
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3,2,3 ecs - Int«rfac« 


3.2.3. 1 Air Ducts 

3.2.3. 1 Air Duct - Firs Suppression Lins Configuration 

Air ducts and firs suppression line are attached to the rack by fnsans of the cable tie struts. The particular 
cable tie struts which support air duct and fire suppression line cannot be removed or changed in their position. 

The configuration of these non-removable cable tie struts is given In Figure 3.2 - 20 and 3,2-21 

Space tab provides caps to close the openings of the supply and return air duct in case that the experiment 
racks are not used. 


Four (4) caps for each double rack and two <2) caps for each single rack will be delivered. 


L 

B3.2-C3 
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3 *2. 3. 1.2 Ai r ZTuct Segmentation 

The air duct configuration can be modified according to user requirements because the air ducts are segmented 
as shown in Figure 3.2 - 22 and 3.2 - 23. 

Ail udPer air duct segments which are not used can be removed. The covers to close the residual ducting are 
provided by Spacelab. 

Detail of the air duct 'Segment joints are given in Figure 3.2 - 22. 


REPRODUCffilLITY OF THE 
ORIGINAL PAGE IS POOR 


J 

B 3.C - 67 











ESA REF NO 
1 SLP/2104-2 

EUROPEAN SPACE AGENCY 
SPACELAB PAYLOAD ACCOMMODATION HANDBOOK 
APPENDIX B 

1SSU2 : 1 

REVISION :0 
DATE ; 31 JULV 1978 

1 



Spaeelab provided 

SEPARATING LINE 1 

if required 


SEPARATING LINE II 



SEPARATING LINE III 

yv<\ 




Spaeelab providad if raqulred 



Figure 3.2 - 22c ; Air Duct Segment Joint* 
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J n J RaCK Sngc*-C^<' Valves 

Th<? Ir^cation a(* the shut-off valves \n the bottom of the expehlmeht racks is given in Figure 3.6 - 33/24 

drawing shows which ^5ar^o of the bottom area of the rack are occupied by shut-off valves and ai redacting 
urd fhus not available for utility ‘rjuting. 

If no air cooling at all is required all am ducting and the shut-off valves can be removed. The holes for the 
91 r ducts m the bottom of the rack are than closed out by Space lab provided blind panels as shown in 
Figure '3-- -* 
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23c I Shut off valve Ass« 
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Figure 3.2 - 24 a: Air Outlet «uid Inlet 
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3. 2.3, 1.4 Air Duct Experiment Interface 


Each rack air duct pipe has 6 etube which contain adjuatable butterfly vaivea for tha setting of the air flow 
rate* The location of the stubs are given in Figure 3.2 - 25 . 

Experiment equipment v^ieh employs ducted air cooling interfaces directly with these stubs. 


The details of this interface a re shown in Figu^ 3.2 - 


J 
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3.2«3.2 £xp«rim«nt H«at Eiccb«ng«r 


3. 2. 3. 2*1 Rack 4 Conflgurationa 


Rack 4 can ba aqglppad with 

a tha axparimant haat axchangar and tha modula axparlmant cold plata 

(saa Rgura 3.3-* 26a ) 

a tha axparimant haat axchangar only (aaa Figura 3.2 -> 26b } 

a tha modula axparlmant cold plata only (saa Figura 3.2 * 26c ) 


Whaoavar tha haat axchangar or tha cold plata la Inatallad thara is no air duct in tha laft si da of rack 4. 
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3. ^,3. 2* 2 Hxp«rtm«nt Heat Exchangan Intarfaca 


Tha axpaHmant Intarfaca to tha axparimant haat axchangar, i .a. tha intarfaca for tha sacondary liquid loop, 
ia at a brackat undamaath tha haat axchangar support atructura. Oatails are givan in Figura 3>2 - 27. 


Foasibla routing ooneapta for tha uaar providad sacondary liquid loop ara givan in saction 3il^.3 


- ' - - 
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SECTION A - A 



SECTION B-B 





&! ■ 

1l l±- 



Outlet Provisions 


8RACKIT 


*1^ j t // Provisions 


Rack (REP) 


/Boss for MC S40.8 Note 3 see Fig. 3.2- 27b 

Figure 3.2 -27 ar Rack 4, Detail of Secondary Loop Connector Bracket 
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3.2.3.S.3 Modulo Exporimont Cold Plato 


Th# mochanical Interfaco o^ the module experiment cold plate is shovvn In Figure 3.2-20 . 
The experiment Interface requirements are TBD. 


The overall toad carrving capability is 30 kg. C.g. constraints and local limit loads are T60 


secrm a -a 




4r — 




SECTION F-F 




^otd plate Tie Down 


I . 

« T 

sr I 
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SECTION G-G 



COLD 
’ PLATE 


SCWEW LN 29950-0525-3.7164.7 
WASHER LN 9025-5.3-3.1 364.5 

Experiment Attachment 


L 


Figure 3,2 - £8: Experiment Dedicated Cold Plate in Rack 4 
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3.2.4 EPOS/CDMS Intmrfmcm 


Th« EPOS and CDMS Intarfaca for axparimant aqulpmant in a rack is at tha boxss EPSP and RAU dlractly. 
which ara locatad in tha racks as shown In FIgura 3,2 -29 , Tha machanlcal datatla of EPSP and RAU ara 
givan in FIgura 3.2 -30 and 3,2-31 

Tha alactrtcal Intarfaca to EPSP and RAU is dafinad in Appandix A , sactlon 3,2 and 4. i . 
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VIEW I 
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POWER SUPPLY 
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Figur* 3.2 - 31 ! Dimensions of Remote Acquisition Unit (RAU) 
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3,2.5 Rack Utility Routing Provlalont 

3. 2. 5. 1 R«ck to Main Roor Routing 

Tha cancapt of routing axparimant utlUtiaa from tha rack to tha main floor la shown In Flgura 3.2 - 32 

Tha utiUtias hava to ba routat^ through 

a tha axparimant dadicatad connactor panala (saa Figure 3.2 - 32 ) 

a the rack bottom holes (saa Figure 3.2-32 ) 

a the holes In the outer main floor beams to the volumes under the main floor 

dedicated to experiment utilities (sea section 3.9.1). 


The operational break between rack *nd main floor is at the connector panels, i.e.rack utilities will end in 
receptacles mounted to the panels, main floor utilities will end in loose connectors. 
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Th# connector p*n#ls at th# bottom of tht racks as shown in Figure 3*2 -3Sb consist of 
• Subsystem Panels 

The subsystem connector brackets do not represent an experiment interfece# How- 
ever, for Information panel layout and connector functions are given* 


Connector Functions at Rack Bottom Connector Bracket 


J 

J 

J 

J 

J 

J 

J 

J 

J 

J 

J 

J 


1 

2 

3 

4 

5 

6 
7 
3 
10 


DC to EPSP 
AC to EPSP 

Shut-off valve monitoring to RAU 

Shut-off valve monitoring to RAA0 

To fire suppression bottle 

AC to Airlock . . . , . 

(rack 4 only) 

DC to Airlock 
Shut-off valve to EPSP 
RAU bus 


1 1 RAU bus 


12 RAU monitor and control 

13 Intercom (rack 4, 7, 10 only) 


For functions not used blind panel instead of connector is Installed. 
This applies to 

J 0, J 7 for all double racks and for rack 4 

if airlock is not flown 

J 10, J 1 1 , J 12 If there is no RAU in that particular rack 

J 13 If there is no Intercom remote station 

in that particular rack 


e Experiment Panels 

The experiment dedicated panels are blank plates. These blank panels will be 
replaced on a mission to mission basis by experimenter provided panels equipped 
with connectors and fittings as required by the actual payload. 

The experiment dedicated connector panels are Identified by an alpha-numeric 
code which Is explained In the following example; 

Prefix which stands for* Connector Bracket Rack 
Number from 1 to 12 denoting the rack number 
Suffix denoting left (L) or right (R) side, used - 
in case of double racks only 


CBR 10 R 

I I 


J 
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aab: Rack Bottom Connector Panels 




















e«A Dec MO EUROPEAN SPACE AGENCY issue i i 

s?p/"io4.T spacelab payload accom^^^ Siyr'^ignuLYi*,. 





ESA REF NO 
SLP/2ld4 • 2 

EUROPEAN SPACE AdENCY 
SPACELAB PAYLOAD ACCOr.MOOATION HANDBOOK 
APPENDIX B 

ISSUE 1 1 
REVISION :0 
DATE ; 31 JULY 1976 


1 


3.2,6 Rack Load Carrying CapafciUity 

Th6 dimantioning toads of cha rack (para 3,2,7) arc ; 

(1) bracket loads for ths local carrying capability, Thsss toads ars appllcabls for ths equip* 
manta at ths tntarfact of ths rack to ths equipment (attachmants) * 

Equipments must be attached to the rack in such a manner that a '*hard*mounted** fundamen* 
tal frequency above 35 Hz is reached • 

(2) flight loads for the overall carrying capability. 

The bracket loads and the flight toads can be independently determined because of the decoupling of the 
equipment frequencies from the overall rack frequencies, i.e. f©^ 35 Hz for equipments and 15 Hz 
for the rack . 

For certain mass configurations!. It is possible to have the following rack configurations (see Tables 
3.2-2 and 3.2 - 3)5 

e double rack with lower center post and 4, 3, 2, 1 or 0 diagonal shear load struts, whereas 
the number of diagonals depends on the masses to be accommodated In ths rack, 

e double rack without lower center post with 2, 1 , or 0 diagonal shear load struts} however, 
no suitable diagonals are Spacelab provided. 

e single rack with 2, 1 , or 0 diagonal shear load struts 

For the accommodation of payload equipment in the racks, three types of integration are standardized 
as per para 3. 2 . 6 . 2 ; 

e front mounted 
e front mounted / back supported 
e shelf mounted 
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3,a,e.1 Overall Rack Load Carrying Capability 

Tha load carrying capabllitiaa quotad comprisa payl oad and Spacalab misaion dapandant aquiprnant 
(EPSP, ICRS ate), Maaaaa accommodatad in axparlmant racks hava to comply with the following 

conatraintat 

• Tha maximum allowable mass for tha entire rack is 

for double racks 580 kg total 

290 kg each aide 

for double racks, lower center wall removed TBD 
for single racks 290 kg 

These values apply only as long as the c.g. of the accommodated masses are within 
the envelopes given in Figures 3.2- 34 a, b . For c.g, 'fe outside these envelopes, the 
maximum allowable masses will decrease and case-by-case analyses will be required, 

- Th« maximum allowable mass for the upper part of the rack is 72.5 kg for single 
racks and each side of double racks 

The allowable mass for the lower part of the rack depends on the number and locations of the shear load 
struts installed, and the mass distribution between the the planes of the shear load struts* The allowable 
masses for the lower parts of the racks are given in Tables 3.2-2 and 3.2 - 3 as a function of these 
parameters . 
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CriUcAt it«ms of th« r^ck which limit th« ov«rAlt loading capability arat 

5 

(t) Front sidA post : Th« limitation (s givan by + 10.9 ■ 6.98 x 10 

haraaa » banding momant (Nmm) 

F^ ■ axial rorca (N) 

saa Figupa 3.2 - 34a for diraction of forcaa 



(2) Diagonal shaar load strut ; Max axial forca T » 12370 N 

(3) Upper cantar post attachmant (doubla rack); * 13930 N 

Tha loads quotad raprasant tha allowabla limit loads. 


Tha overall load carrying capability of a single rack is equal to tha one of either side of a doubt# rack 
Each side of a doubla rack can ba independently analyzed, since tha interaction between both sides is 
minor. For instance, one side may have 2 diagonal struts while the other may have only one or zero, 
depending on the masses to be accommodated in the rack. On the other hand, one may not expect the 
maximum load carrying capability of 267 kg for one side of the lower part with only one diagonal strut 
installed. 
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Four casoa aro aubaaquantly taken under conaideration i 

Casa 1 ; 2 diagonal shear load struts in the lower part of the rack 
Casa 2 : 1 diagonal shear toad strut in the lower part of the rack 
Casa 3 ; No diagonal shear load strut installed 
Case 4 ; Center wall removed in the lower part of a double rack 

Case 1 ! Two diagonal shear load struts in the lower part of a single rack or either side: of a double rack 



S = Support (unremovable) 

D = Removable diagonal shear load struts 


Assumed load 
application points 


174 I 

a , b or c free length 
1/2 of the front post 


1/4 


L 


Figure 3.2 -3Sa : Two Diagonal Shear Load Struts Installed 

J 


B 3.2 - 107 


ESA REP NO 
SLP/2104 • 2 

EUROPEAN SPACE AGENCY 
SPACELAB PAYLOAD ACCOMMODATION HANDBOOK 
APPENDIX B 

ISSUE ; t 

REVISION: 0 
DATE : 31 JULV 1978 

1 1 


FigUr« 3.2 - 35« thow* thr«« lubitctlcn* in th« low«r part of tha rack (markad aa a, b and c) which 
ara dafln|td by tha locations of two ramovabta shaar load struts. Tha assumad load application points 
ara tha application points of tha inartiat forcas of tha aquipmant mass in a spsciflc subsaction. 

Tabla 3.2 2 indicatas tha ovarall load carrying capabilitiaa for varioua mass distributions and 

savaral positions of the diagonal shaar load struts. For altarnativa mass distributions and shaar load 
strut locations, additional analysas will ba needed. 

Tha aquipmant mass in each subsaction is basically limited by tha capabilitiaa of tha front mounted 
attachment. Substantial increase of tha allowable masses in tha subsections is feasible by virtue of 
front mounted/back supported or shelf mounted installation. 

Figure 3.2 - 36a shows tha Increased loading capability ratio as a function of tha c ,g, location d for 
front mountad/back supported aquipmant In relation to front mounted aquipmant. Tha parameter L 
danotaa tha location of tha back support pin. 

Figure 3.2 - 36b shows tha raspactlva load gain function for shalf-mountad equipment, also aa s function 
ofc.g. location. 

It is important to observe that under any circumstancaa the overall mass accommodated in the lower 
pert of a double reek must not exceed 435 kg and that neither side of the lower pert exceede 267 Kg. 
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Tat\^ 3,2 - 2 { Ov*r*U Load Carrying Capability of a Singl# McK or Each Sidt of a Double f?tack for 


- Rack Lower Part 

-Two (2) Diagonal Shear Load Struts Installed 

- Equipment Masses in Subsections (Front Mounted) 


SHEAR LOAD STRUT 
LOCATION 

MASS RATIOS 

TOTAL ALLOWABLE 
MASS 

MASS ALLOWABLE IN 
SUBSECTIONS 

a 

b 

c 

a 

b 

e 

(kg) 

, (kg) 

b (k9) 

c (kQl 




1 

1 

1 

266.78 

88,93 

88,93 

88,93 




0,5 

1 

1.5 

266,80 

44,47 

88.93 

113,40 




1.5 

1 

0,5 

218,69 

109,34 

72,90 

36.45 

500 

500 

500 

0 

1 

2 

266,78 

0 

88,93 

177,86 




2 

1 

0 

178,65 

119,10 

59,55 

0 




2 

0 

1 

226,69 

150,73 

0 

75.36 




1 

0 

2 

266,78 

88.93 

0 

177.86 




1 

t 

1 

266,78 

88,93 

88,93 

88,93 




0.5 

1 

1,5 

266,80 

44.47 

88,93 

133.40 




1,5 

1 

0,5 

233,73 

116,86 

77,91 

38,96 

300 

600 

600 

0 

1 

2 

266.78 

0 

88,93 

177.88 




2 

1 

0 

198.93 

1;I2.62 

68.31 

0 




2 

0 

1 

266,78 

177,86 

0 

88,93 




1 

0 

2 

266.78 

88.93 

0 

177,86 ‘ 




1 

1 

1 

255.93 

85,31 

85,31 

85,31 




0.5 

1 

1,5 

266,80 

44.47 

88.93 

133,40 




1.5 

1 

0,5 

186,70 . 

93.35 

62,23 

31.12 

600 

600 

300 

0 

1 

2 

266.79 

0 

88.93 

177,86 




2 

1 

0 

146,95 

97.97 

48,98 

0 




2 

0 

1 

176,76 

117,84 

0 

58.92 




1 

0 

2 

266,79 

88,93 

0 

177,86 




1 

1 

1 

266.79 

88.93 

88,93 

88,93 




0.5 

1 

1,5 

266.80 

44,47 

88,93 

133,40 




1,5* 

1 

0.5 

207.25 

103,63 

69,08 i 

34,54 

600 

300 

600 

0 

1 

2 

266,79 

0 

88.93 

177,86 




2 

1 

0 

165,01 

110,01 

55.00 

0 



1 

2 

0 

1 

200,42 

133,62 

0 

66,80 



i 

1 

0 

2 

266,79 

88,93 

0 

177,88 




1 

1 

1 

266.79 

88,93 

88,93 

88.93 




0,5 

1 

1,5 

266,80 

44,47 

88,93 

133.40 




1,5 

1 

0.5 

211,95 

105.97 

70,65 

35,33 

450 

600 

450 

0 

1 

2 

266.79 

0 

88,93 

177,86 




2 

1 

0 

173,20 

115,47 

57.73 

0 




2 

0 

1 

227.40 

151,60 

0 

75,80 




1 

0 

2 

266,79 

88,93 

0 

177,86 
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Cas« 2 i On« r«movabl« diagonal shaar load strut in tha lowar part of tha rack* 


Tha location of tha diagonal ahaar load strut is shown In Flgura 3.2-35b. Tha ovarall load carrying capability 
Is givan in Tabla 3, ,2 - 3* For load Incraasa posslbiUtlas in tha subsactlons» saa tha foragolng dascriptlon 
of Casa 1 , 



S ■ Supports (unramovabla) 
D « Diagonal shaar load strut 


Asaumad load 
application point 


1/2 


1/2 


a, b fraa langth of 
the front post 


Figure 3.2 -35b; Location of Diagonal Shear Load Strut 
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T«blt 3.2 - 3j Ov«r«n U9«<i Carrying Capability for a Singia RacK or Each Sid# of a Ooubla Rack 


- Rack Lo^ar Part 

- Ona (1) Diagonal Shaar Load Strut Inatallad 

- Equlomant Massas in Subsections (Front Mountad) 


SHSAR LOAD STRUT 
LOCATION 


MASS RATIOS 


TOTAL ALLOWAILE 
MASS 


MASS ALLOWABLE IN 
SUBSECTIONS 
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Figur# 3. a - 36«: Load Gain Factor for Front Mountad/Back Supporttd Equipmant 
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Figure 3.2 - 36b: Load Gain Factor for Shelf Mounted Equipment 
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3 j No romovablo shoar load strut in tha lowar part of tha rack 

For this eass, a raducad capability of m » SO kg is astimatsd undar tha assumption that ths mass will bs 
instaUsd as closa as poaalbla to tha lowar supports. Substantial incraasa of loading capability is possibls 
by non-standard mathods such as 

a structural tntagratlon of shalf platforms for aquipmsnt amounting which act as 
horizontal shaar pans Is 

a rigid installation of front shaar panala, contrary to tha assumption that standard 
front panats shall not transfar shaar ioada 

Eithar solution will raqulrs a casa-by-cass analysis . 


Casa 4 t Canter wall ramovad in tha lowar part of a doubla rack 
- Sama as for Casa 3 - 


j 

I 


I 


i 

3 

i 
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3. 2. 6, 2 Local Load Carryir^Q Capability of Slngla and Doubla Rack 


Tha standard axparlmant racks provlda for a cartaln anvalopa (para 3.2,1) and a sat of aeandard 
attachmant Intarfacas (para 3.2 1 2) for tha Installation of exparlmants. 

3. a. 3, 2. 1 Local Load Carrying Capability 

Tha local load carrying capablUtias provided are calculated under tha following assumptions which 
raprasants tha mlnlnnum fixations; 

1 , Tha axpertment front panel (hole location and geometry) is in accordance with MIL-STD-109 
closed slot type (for details see para 3.2.2) 

2, Three mounting types .which have been standarized, are considered 

(a) cantilevered front mounted equipment (para 3, 2.6. 2. 2) 

(b) front mounted, back supported equipment (para 3. 2. 3, 2. 3) 

(c) shelf mounted equipment (para 3, 2. 6. 2, 4) 

3, No shear loads shall be transferred from the rack structure to the equipment from panel or equipment 
box, Therefore each equipment of the (a) and (b) - type transfers the ’»X-Load*’ at the rack frontal plane, 
only by means of one attachment point. The location of this attachment point shall be as near as 
possible to the diagonal struts or the rack stiffened areas (top and bottom of front side posts and 

the front side posts at rack knee) and always on the front side posts .Transfer of ’’X-loads” at the 
rear end area of the rack wlU be performed by a pair of positioning pins for (b)-type equipment. 

The ”Z-Load” is transferred at the rack frontal plane by means of only two attachment points of 
the (a) and (b) type equlpmer.i. . For (b)-type equipment, transfer of ”Z-loads” at the rear and area 
of the rack will likewise be performed by the positioning pins. For all rack mounted equipment, the 
*'Y-load*’wiil be transferred by means of all front bolts in a linear distribution over the front panel 
height. For dejtalls see Figure 3.2-39 ’’Front Mounted Equipment” and Figure 3.2 - 41 ’’Front 
Mounted, Back Supported Equipment”. 

4 , Each (c)-type panel transfers the load in all directions by means of one attach hole at each of the 
two front and rear posts . 

5, Each equipment center of gravity (c.g.) is assumed in the middle of the box with a varlanca in dapth 
(l.e, Y-directlon). 
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fl. c.g. •ccentricttl#* lo x-«xls must bm accountsd for by reducing the ellowabte mass in accordance with 
the following equation baaed on the geometry given. 



7. With reference to the mechanical environment described in para 3.2.7 each equipment is assumed 
to have a hard mounted resonance frequency of > 35 to 60 Hz for the d«te»-riitnation of the load factor. 


8. If the equipments have hard mounted frequencies of fo>60 Hz, the masses of the equipments 
have to be reduced accordingly by the ratio of load factors (see para 3.2.7), 

with load factorfor 35<fo <60 Hz 
factor for fo>60 Hz 
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9. Critlcat local araas 

Tha critical araaa of tha racK which limit tha local carrying capability ara ahown In tha following 
ftgura; 


Rack section normal to *'2" axia 



Figure 3.2 - 37a : Critical Areas for Local Carrying Capability 


Note: The directions of the forces are not coincident with 

the direction of the coordinate system 
- The local capaoiUties of front mounted/back supported 
equipment and shelf-mounted equipment are also limited 
by the critical areas 4 and 5 in the present analysis, 

^ which is very conservative. A respective stress analysis 

of alternative equilibrium systems may result in more 
favorable data . 
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Local Improvtmanta of tht critical araas 1 » 2 and 3 can ba raachad by rainforcing tha 
critical location (sae Fig. 3.2 - 37c )• 



* 5 mm 


REPRODUCIBITJTY OF THE 
ORIGINAL PAGE IS POOR 


Figure 3,2 - 37c: Front Side Post Reinforcemant 


The changed allowables are then TBD, 
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3.2«6,2.2 C»Q./Ma«a Limitation for Front Mounted Equipment 

The system of equilibrium of the front mounted equipment is given in Figure 3*2 - 39. 

The limitation of this payload configurations is mainly given by the y-reactlon loads and less by the 
x-reactlon load at the front side post (see Fig, 3.2 - 38) , 

The ’’full” fixation point (F , F , F ) can be placed either one of the four edge holes. This ’’full” fixation 
X y z 

point shall be as near as possible to the diagonal shear load strut or rack stiffened areas (Point O and ‘ 
S of Fig. 3.2 *35a and 3.2 *35b) and shall be attachment point at the front side post and never of the 
front center post (see Fig. 3,2 - 38), 


FSOkTStOC PSONT CENTER FRONT SIDE FRONT CENTER FRONT ttOS 



CORRECT 


INCORRECT 


Figure 3.2 - 38: Fixation Points 
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Flgwrt 3.2 - 40a thru 3.2 - 40c glv# tha C .G./fttass limitation for front mountad aqulpmant. 



FIXED HOLE 
(interchangeable) 



SLOT 


Upper part of rack I = 550 mm 
Lower part of rack I » 7S0 mm 
Overall width w m 465 mm 



Figure 3,2 - 39: Front Mounted Equipment (4 Holes) 
(System of EqulUbrum) 


Note i "FulL» fixation point (F^, F^, FJ near, 

diagonal shear load strut or rack stiffened 
areas and at the front side post, never at 
the front center posts. 
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3, 2. 0,2,3 C,G* /M«s« EquUlbrlum for Front Mount«d/B#ck Supported Equtpmont 

Th« tyitom of •qulUbrium for front mountod/back •upporUd oquipmont i« gtvtn In Ftguro 3,2 - 41 , 

Th« to«d limiting critical araaa of this systam ara Position 1 and 2 at tha front post, and Position 4 
at tha raar post, Howavar, tha prsssnt analysis is vary consarvativa bscausa tha x* loads ara assurhad 
to act on tha raar cantar post, which is only a 2-proflla, Instaad on tha raar slda post, which is much 
stiffar. 

Explanation of tha fixsd hols saa Fig, 3.2 -*38, 

Tha systam of aquillbrium shows that tha Installad aquipmant is alasttcally clampad at tha front post ^ 
and simply supportad at tha raar via gulda pins by tha raar post, which Is considarad to ba a simply 
supported baam* 

Danotations: banding sttffnaaa of tha cqulpmant box; tha box can ba assumed 

to ba infinitely rigid 

banding stiffness of tha support structure baam AB which is 
attached to tha side posts 

f 

Kp stiffness of tha elastic hinge 







J 


a 3.2 - 125 


^4 


ESA REF NO 
SLP/2104-2 

EUROPEAN SPACE AGENCY 
SPACELAB PAYLOAD ACCOMMODATION HANDBOOK 
APPENDIX B 

ISSUE : 1 

REVISION ;0 
DATE 1 31 JULY 1976 

1 



^XRt 

V 


FIXED HOLE’ 
(interchangeable? ) 



SLOT 




Flgur# 3,2 - 41 a: Front Mounted, Sack Supported Equipment (4 Hole*) 
(System of Equilibrium) 
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Thm pantl is assumsd to bs hingtd in ths bolt Uns dino clannpsd at tha box resulting the following formula for 


with b » (w-2c)/2 

t » panel thickness 

A * panel height (see Fig, 3.2 - 12a) 
E » Young Modulus of the panel 


REPRODUCIBILnY OP THE 
ORIGINAL PAGE IS POOR 


Figures 3«2 " 42ci thru 3.2 - 4£h give the C.G./mass limitation for the front mounted back supported 
equipment. The figures are given for a parameter 


S * 


K,- 


- 140 


The curves are explained in Figure 3.2 - 4i c . For other stiffness ratios CSei40), see the nomograms in 
Figures 3.2 - 45a thru 3.2 - 45 h . 
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Figure 3.2 - 41 c: Interpretation of Rack Load Curves 
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Figure 3.2 - 42a: Rack Load Carrying Capability ( Front mounted > Back Supported > 












Flgur* 3.2 - 42b: Rack Load Carrying Capability ( Front Mounted . Back Supported ) 
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Figure 3.2 - 42et pack Load Carrying Capability (Front Mounted, Back Supported ) 
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Figure 3.2 - 42f: Rack Load Carrying Capability ( Front Mounted, Back Supported ) 
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Figure 3,2 - 42h; Rack Load Carrying Capability ( Front Mounted, Back Supported ) 
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While the foregoing curves, describing the rack load carrying capabilities for front mounted/ beck supported 
equipment, are only valid fora stiffness ratio S» 140 , subsequent nomograms serve to calculate the load 
carrying capabilities for deviating stiffness ratios . 


For Curve 1 the respective factors can be found In Figures 3.2 - 45a thru 3.2 - 46 g , as explained in 
Figure 3,2 - 43 




Figure 3.2 ^ 43; Nomographic Correction of Curve 1 for 140 


For Curve 2 the factors given in Figure 3,2 - 45 h are applicable, as explained in Figure 3.2 - 44 . 



Figure 3.2 - 44; Nomographic Correction of Curve 2 for S ^ 140 
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Figure 3.2 - 45 aj Rack Load Carrying Capability 

(Front Mounted and Back Supported; S ♦ 140) 
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Figure 3.2 - 45r: FacK Load Carrying Capability (Front: 

Mounted and Back Supported; S 140) 
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Figure 3 .2 - 45g; Rack Load Carrying Capability (Front 
Mounted and Back Supported} S # 140) 
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3, a. 6. 2.4 


C.G/Mass Limitation for Shelf Mounted Equipment 



TY\m rack load carrying capability for ahalf mounted equipment is shown in Figure 3.a • 47 with 
reference to the parameters given In Figure 3.2-46. A further assumption is that the attachments 
at each corner will be performed by means of single holes . 


t «r 



Rear Side 





Figure 3.2- 46: Shelf Mounted Equipment 


The load carrying capability of shelves may be considerably increased if multiple hole attachment 
is possible. Reference Is made t-. ►he cold plate support structure (CPSS), which is designed for 
a load of 30 kg (see Figure 3.2-28), 
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3. 2. 6, 2. 5 AlUrnativ# Attachmant Schemes 

As can be deducted from the foregoing, main Umitatlcns are dictated by the local standard interfaces. 
This results In allowable loads which are considerably less than the generally possible overall capability 
of the rack. 

Hence, individual design of load dispersion schemes involving case-by-case analyses may result in 
considerable improvements. Recommendations for respective designs (see also Figure 3.2 - 48) Involve 
the following modifications; 

e utilization of more attachment points on stiff front plate 
e implementation of multiple support rails (A) 
e design of multiple hole rear support adapters (8) 
e structural integration of equipment design 



Figure 3.2 -48; Auxiliary Support Structures 
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3.^,7 Mechanical Environment 


3,2,7. 1 introduction 


This chapter covers the mechanical environment under the general heading *’Load Assumption" so as to present a 
viable guideline to the designer of experiments and applies to ail structural areas associated with Appendix 8. 
More detailed information will be found within specific chapters (see table of contents). 


3.2 . 7 * 1 . 1 General 

Limit load factors are presented for various equipment/exporiments mounted at Spacelab primary or secondary 
structure. 

The approach for derivation of these load factors is outlined in H9-E3-0028. The presented limit load factors 
have to be considered for the dimensioning of 

o brackets of equipment/experimenfcs 

o connection between aqulprTi«>nt and brsicket 

0 connection between bracket and primary or secondary structure 

o primary or secondary structure, Influenced by bracketry 

o equipment plus corresponding bracket (.box mountings, fasteners) in addition to the test 

requirements ;see para. 7,8 of the main volume or’ SPAN) 

The given limit load factors cover all flight phases from lift-off to landing; however, they do not eliminate the 
applicability of 

o emergency landing load factors Tor pallet mounted experiments only), as discussed in para, 

, , 5.1 .1 ,6.1 of SPAH 

o fatigue requirements 

o com.binations of mechanical and thermal loads. 

The defined Umit load "‘actors have to be multiplied by the relevant factors of safety, /vhich have to be negotiated 
oetween the experimenter and the payload integrator (A minimum value is 1 for ultimate and 1 .0 for yield). 
These are dependent on the individual experiment development philosophy and will be defined on request of 
the experimentor . 

For stiffness requirements reference is made to para. 3.1 .8.2.3 of this Appendix S. 

Designers of equloment/brackets are Invited to request special load factors, if 
o the applicability of limit load factors imposes problems 

o the stiffness requirements as per para. 3, 1 ,8,2, 3 cannot be met without unacceptable 

difficulties 

o minimum excitable fundamental frequencies (see para. 3. 1.9*2.2)axceed 200 Hz 

in any direction of the equipment/bracket system 
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3.2.7. 1 .2 Application of Limit Load Factor Diagrams 

Limit load factors ara presantad in tha following diagrams - ’’Limit Load Diagrams” - for Spacalab 20 f»a 
••Racks” and •’hard-mountad‘’ fundamantal frequencies. Tha term "hard -mounted” implies that a flexible 
bracket is attached through physical connection eiemetits to the rigid interface plane of the main or secon- 
dary structure. 

if equipment is mounted without any bracket lO the supporting Spacelab structure, those frequer>cies have 
to be used, which are expected or which are selected from related tests to yield the most severe internal 
forces in X-, Y-, and Z-direction with respect to interface reactions. 

For using the diagrams the required Input parameters are; 

e the location (’’zone”) of Spacelab main or secondary structure to which the bracket 

is attached (e.g. ’’Rack”, ”Pallet Hardpoint") 
and 

e the minimum hard-mounted fundamental frequencies in X-, Y-, and 2<»direction. 

Applicable limit load factors can then be taken for the respective equipment mass from the corresponding 
diagram. Figures 3,1 - 40 a and b give tha respective values for the zone •’Racks". 

Tha indicated limit toad factors 

e are absolute values |n| 

e are assumed to act at the equipment /experiment c.g. 

e occur simultaneously; hence the most critical combination of limit load factors 

in X-, Y-, and Z-diroction has to be applied for dimensioning. 

3. 2. 7. 1.3 Stiffness Requirements ’ 

In order to decouple from exciting vehide dynamic vibrations and to avoid excessive amplitudes of 
equipment, it is required to keep the "hard - mounted" bracket fundamental frequency above 35 Hz. 

The recommended stiffness value is based on the precondition that the design of the interface has been care* 
fuily performed, i.e. forces are directly transmitted via stiff members from the bracket to the main or 
secondary structure. Reduction of bracket mounting stiffness as a result of localized bonding attachments 
should be carefully avoided. 

Note: The diagrams of the mechanical environment for other zones will appear at the end 

of each respective section in this appendix. 
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Figure 3.2 “49b; Limit Load Factor Diagram For Dimensioning of 
BracKets, Zone *' Rack” 
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Modult Floor 

An ov«rvt«w or th« Sp»c«lab module and Us floor is given in Figure 3.3 - 1 . 

The main dimensions of the module floor are given in Figure 3.3- 2. 

Experiment interfaces at the module floor are 

- on the center aisle^ which provides experiment dedicated interfaces 
for mechanical attachnnent, power supply, CQMS, and air cooling 

- on the side floor, which is available for experiments If no experiment 
rack is flown in the respective location. On the side floor the experiment 
will make use of the interface primarily foreseen for the experiment racks 

- in the underfloor of the experiment segment of the module 

(long module configurations only) The expenrrent interfaces In the underfloor 
area are identical to the interfaces for the subfloor in the core segment. 
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Figure 3.3 -1 ; Module Floor - Overview 
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Figure 3.3 - 2 ; Floor Pianvtew and Section 
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3.3.1 C«nt«r Alslft 

3.3.1 .1 Cantsr AUl« UsabU Ehvalopa 

Tha uaabla anvalopa for axparimant aquipmant in tha cantar aista is shown in FiiJura 3.3 • 3a and 3.3 -3b 
for tha short and long modula . 

Aceaaa raquiramants to Spacaiab subsystam aquipmant on tha subfloor imposa constraints for tha usa of 
tha dottad voluma in tha subsystam sac t ion of tha modula . 

Howavar, tha datailad constraints ara T60. 
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The d«tail#d mechanical Interface for the attachment of center aisle equipment Is given in Figure 3,3 - 5. 
The attachment provisions are basically holes through fixed floor panels and floor beam structure for 
experiment provided M6 bolts . 


SECTION A-A 



DETAIL I 



attachment points center aisle 


DETAh, M 



attachment points center aisle 



Figure 3,3 - 
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Floor Attachments ^ Details 
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During ground operation the experiment attachment points in the center aisle are also used for the 
MGSE item Rack and Floor Installation Removal Kit as shown in Figure 3.3-6. Therefore the 
experiment attachment brackets have to be designed such that the MGSE feet can be mounted on top of 
the experiment brackets as shown in Figure 3.3 - 7a and 3.3 - 7b, 
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RACK And Floor 
InstAlUtlon / RamovAt Kit 


Detail "A'* see Fig. 3.3 - 7a/b 
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Figure 3.3 - 6 : Rack MGSE-Overview 
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3*3. 1.3 Center Aisle Cut-outs 

Figure 3.3 - 9 shows the locations of cut-outs In the center aisle which provide for 

- EPOS/CDMS Interface i.e. connector bracket which provides power and support 
for an experiment RAU 

- ECS interface i .e. cut-out for cabin loop air flow through center aisle equipment 

- Experiment Utility Interface i.e, cut-out with attachment provisions for experiment 
provided connector bracket 

• Access hole for access to subsystems In core segment and access to experiment 
equipment in experiment segment underfloor area. 



ecs INTERFACE EPOS CDMS 

INTERFACE 


Figure 3.3 - 8a i Center Aisle Interfaces - Overview 
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3.3.1 .3.2 
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SECTION B - B 

90* TURNED 



Flgur« 3.3 - 9b : ECS Interface 


Tha tharmal raquirtmanta and constraints i*or tha usa of this ECS intarface will ba daflnad in 
saction TBO 05' . i roendix C . 
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3.3.1 ,3 .3 Experiment Utility rnterf‘*ace 


View UI 



SICTION 0-^0 



SECTION C^C* 



L- 


The connector bracket to be attached to this cut-out has to be provided by the expenmenter/payload 
integrator with connectors, feedthroughs and fittings determined by the actual payload. 

The connector bracket should be similar to that shown in 3.3.1 .3.1. 
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3. 3. 1.4 C«ntftr AlsU Load Carrying Capability 

3, 3. 1.4.1 Overall Load Carrying CapaoiUty 

The design load carrying capability is 300 kg/m. The limitations due d various c.g. locations 

are given in Figure 3.3 - 10. They are applicable for all floor frame segments (see also Fig, 3.3 • 4a 

and 3.3 - 4b), The limitations In y - direction will be supplied In a U sr issue. 



« hardpoint dimensions are shown. Floor '>tme segment length 1062 (573,5) 


L 


Figure 3,3 ^ tO : Module Floor Load Carrying Capability Limitations 
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3.3* 1*4. 2 Local Loads 


Tht ultimata allowabla loads for a stngla center aisle attachment point are given in Figure 3.3 - 11 . 
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P = i £451 N ' 
X 

p mt 1705 N 

y 

P = - 6660 N 
z 
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Interface for payload accommodation In circles. 

Additional holes be only used to facilitate experiment installation on the ground. 


Figure 3.3 - It i Max. Combined Local Interface Loads of Center Aisle Attachments 
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3.3,1 .5 


Mechanical Environment 


3.3.1 .5.1 


Floor Attachment Point Mechanical Environment 


The mechanical environment for the center aisle attachment points is given in Figure 3,3 - 12a and 12b* 
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(see also para 3.2.7) 


Figure 3.3 - tSa : Limit Load Factor Diagram for Dimensioning of 
Brackets, Zone ^'Floor Hardpoints” 
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Figure 3.3 - 12b ; Limit Load Factor Diagram for Oimensionig of 




Brackets, Zone “Floor Hardpoints” 
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(sat also para 3.2.7) 


Figure 3,3 - 13b : Limit Load Factor Diagram for Dimensioning of 


Brackets, Zone "Floor 
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3. a, a SId# Floor 

Th* sid« floor normally carrias tha Spacalab axparimtnt racks. Howavar, It is also posalbla to ramova 
racks and use the respective spaca on tha sida floor directly for experiment equipment. Spacalab provides 
for these cases side floor panels to close out sida floor where no experiment rack is installed, 

The mechanical interface for experiments on tha side floor is identical to tha Interface side floor / 
experiment racks, l.e, equipment can be attached to the sida floor only In conjunction with the uiie of tha 
overhead rack attachrrents (see section 3.4), 

It is assumed that sldA' floor experiment equipment will not require EPOS, COM3, and E3S interfaces, 
because for these ser'/tces an accomnrodation in experiment racks is preferable. 
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h- * 



Location of rack attach holes and 
rack alignment holes see Fig. 3. 3 - “^Sa. 
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Figure 3,3-14 t Side Floor Overview 
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Th. location of tti. .td* floor attachmant provtatoos. t.a, rack attachmant po.nta and 
aliflnmant holaa. la gtvan in Figura 3.3 - is b tnru 3.3 - is d. Tha rack attachmant 
pointa carry loada in x. y and s. Tha alignmant holes hava no load carrying capability. 


« . a 

s § 





Section A - A saa Fig, 3.3 - 1 5 <j 


Figure 3.3 - 15 b s Side Floor Attachment - Short ModulO^ 
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Tn« d«tail«d machanlcal intarfaca i3 giv«n in Figure 3»3 - 15d. 

Th» rack attachmant points ara basically holas through sida floor panels and floor beam structura 
for axparimant provided M 10 bolts. The alignment holes are for guide pins defining the position, 
in the K-y plana . 


Section A - A (Detail I) 



Figure 3,3 - 15o* : Side Floor Attachment Provisions 


L 


J 


8 3.3 - 29 


2X6 


ESA REF NO 
SLP/2104 -2 

EUROPEAN SPACE AGENCY 
SPACELAB PAYLOAD ACCOMMODATION HANDBOOK 
APPENDIX B 

issue 1 

P VISION 0 
DATE 31JULY 1973 

1 


'^ 3.2,2 Sid« Floor Pan«la 

Figure 3.3 shows th« location of fcha j(d« ^loor panels on th« floor. 

The panels are available In two different sizes. The long side floor panels are to replace an experiment 
double rack, the short side floor panels are to replace a single rack. Detailed dimensions are given 
in Figure C.3 - I6a and 3.3 - 16b. 
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3. 3.3. 3 Sid« Floor Load Carrying Capability 

3. 3. 2. 3.1 Ovaralt Load Carrying Capability 

Tha ovarall load carrying capability along tha rack attachmant points is 300 kg/m. 

3. 3. 2. 3. 2 Local Loads 

Tha ultimata allowabla loads for a stngla rack attachmant point ara givan in Ftgura 3.3 - 17a and 17b, 
Tha alignment holes may ba only usad to facilitate experiment Installation on tha ground. 
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3,3. 2*4 A/rjhantcal Environment 


The mechanical environment on the side floor is (denttcat to the environment defined in 3,3.1 .5, 
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3« 3 .x3 UnderHoor Area 

The volume under the mainfloor in the experiment se 9 ment of the long module prouioes ample space 
for the accommodation of payloads, The underfloor mainly will serve for stowage purpose. Therefore 
only mechanical interfaces will oe called out in this section, 

3,ijl.3,1 Underfloor Area Usaote **nve’>Oe 

The i?nvelope of the usable volume is given m Figure 3.1 ~ 

SubSi-ancial penetrations info this envelnpe stem *rvr 

- Spaceiao suosystems, i.e. ^PCS $ and suosvstem RAf; tcgether with access 
volumes ^eouireri maintat^abi'ity of trese subsystems 

- Fire suppre^'sion assembly, we, fire suppression lines and fire suppression 
Oottles toqecner with access volume 

*• Experimenc uCiUty routing envelopes as defined in section 3.9 of this appendix. 

*- Clearances to oUca-v proper air i^low of caoin loop return air through debris traps 
(see Figure 3.3 -CO'and center aisle ECS cut-out. The required clearances 
have to oe evaluated .‘■'or the actual underfloor experiment accommodation. 

Cn orpit the access to the underf’oor is through the hinged floor panels 'see Figure 3.3 - 19). 
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. •jndar^'loor M$^ihanicaUnt«rr’ace 

The location of the jndsrfloor attachment provieions, consisting of four longerons A»itn attachment 
holes, IS given in Figure 3.3 - ♦ 
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3»3.3«3 Example cf Scutpment Mounting in underr'loor 

Squiprrent in the vncJeri*'’oor area can oe acoommodated or. a user provided suofloor simitar to the 
suDSystem mounting \n the core segment. Such a subfloor is mandatory to protect the module shell. 

Since present long mos ule analysts does not Includa any experiment masses accommodated 
in the ^nde'^rloor area of me experiment segment, additional oecail analysis a^iU be required 
such load cases » 

As an example :he subsyscem subfloor of the core segment is given in Figure 3,3 - 23. 
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The load carrying capability of this subr'loor is 300 kg/m, Uocal Load carrying data of the 
underfloor attachment points are not availaole. 

The mechanical environment on this subfloor its given in Figure 3.3 - 24a and £4b. 
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(see also para 3.2,7) 
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Figure 3.3 - 24a 


Limit Load Factor Diagrams for Dimensioning of Brackets 
Zone “Floor Honeycomb Subfloor" 
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3.4 


Overnead Structure 


The overhead structure normally supports overhead stowage containers and experiment racks. However, 
in locations where no overhead stowage containere or racks are ioetalled, the respective interfaces are 
available for experiments. 

EPOS services for experiments in the overhead area are provided through the CPSE connector 
brackets ( see sec , 3.8,3 ). 

CDMS services are or^ly through user provided cabling from experiment racks, 

ECS services are provided by the caoin loop. However, the volume aoove the overhead stowage container 
attachment has to be concidered as a stagnation area. 

Liouid cooling requires user provided plumbing to the experiment htac exchanger in rack 4. A possible 
Uculd line routing to the overhead structure Is described in section 3,9.3. 
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Figure 3.4 ~ 2 : Hole Pattern for Hack Attachment Struts (Short Module) 
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Figure 3.4 - 3 ; Overhead Structure - Rib t 
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Figure 3.4 - 5 : Overhead Structure - Rib 4 
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RacK Actachment Loads 


Th« local ultimate allowable loads are given m Figure 3,4 - 7^ and o, 
The overall load carrying oapaoiUty is TBO , 



Figure 3,4«7a Max, Comoinad Local Interface Loads - Rack Attachment Fittings 1 + 9) 



Figure 3.4-7b Max. Combined Local Interface Loads - Rack Attachment Fittings (Rib 4) 
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Overheac Oontaner Attac^‘^anent 


^2»l Overhead Stowage Oortamer Attacrrhent lrcer>*ace 

Where no overhead stowage container la installed the respective attachment holes are avaiUnle 
for experiments .Experirrent equipment v/iU ce attached to these holes, which are equipped with 
nuts, by experimenter provided M 5 bolts. 
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‘A'lU be supDlied in a later Issue! 
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Ov«rh«ad Structure Mechanical Environment 


The diagram* of the mechanical environment for the overhead structure,whlch is applicable for 
rack attachment as well as for overhead stowage container attachment, are given In Figure 3.4 - 9 . 
For application of the diagrams see para 3.2 - 7 of this ^.ppendlx. 
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(see also para 3.2.7) 


Figure 3.4- 9a s Limit Load Factor Diagr-am for Dimensioning of BracKets, Zone "Overhead Structure” 


J 


B 3.4 - 11 







I 


ESA REF NO 
SLfV2104-2 


EUROPEAN SPACE AGENCY 
SPACE LAB PAYLOAD ACCOMMODATION HANDBOOK 
APPENDIX B 


ISSUE : 1 
REVISION ;0 
DATE ; 3t JULY 1978 








ESA REF NO 
SLP/2104 -2 

EUROPEAN SPACE AGENCY 
SPACELAB PAYLOAD ACCOMMODATION HANDBOOK 
APPENDIX B 

!SSUE 1 

VISION 0 

cate 31 jUtv JC)?3 



3.5 Stowage Containers 

3,5.1 Over'heaa Stowage Containers 

Cver’^ead Stowage Containers are located at and fastened to the overhead stroccore which is ’Uustrated in 
relation to :‘^e 'r'Ddule .n Figureu 3.5 - ’ and 2, The overhead stowage ccrtainer consists of an outer container, 
which IS Mxed to the overhead structure, ahd an inner container^ which can Oe slid out like a vertical drawer, 
Stringers inside the inner container provide for the attachment of experiment equipment by means of experl - 
nnenter provided suostruct.jre. ^nr ^ilm stowage purposes such a suostr jcture , a Film Stowage Kit, Is 
provued oy Soaoelab, i '‘s fil n stowage Kit consists of separator sheets ; shelves ) and door-like restraints . 



Figure 3.5 - 1 : Overhead Stowage Containers 
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3,5. 1 . 1 Overhead Conftguratlon 

Dapanding on tha actual CPSE Installed in’tha module tha overhead stowage containers can be flown In various 
configurations. In Figure 3.5-3 the standard’overhead configurations are given for which all the necessary 
‘‘hardware, such as close-outs, light support structure etc.ts provided by Spacetab, 



Figure 3,5 -S: Overhead Stowage Container 
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Handrails ( 5 ) 


Vertical 
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Fwd 



Late access coverplate + 4 containers 



High Quality vVindcw / Viewport + 1 container 

Stowage 

Stowage Container 



Figure 3.5 - 3a; Standard Overhead Configurations for which closeouts are provided 
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3.5 - 3b: Stanoard Overhead Configurations for A>h'cn closeouts are provided 
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3.5* 1 Ovtrhead Stowage Container Mechanical Interface 


The outer stowage container consists of an outer *rame nr’iounted to the overnead attachments, and has only 
one side closed in the flight direction, as shown in Figure 3.4 - 4 .The inner stowage container is designed as 
la drawer of the outer container, as snown in the container ouild-up in Figure 3.5 - 1 . 


■SmODUCIBnjTy OP trTP 



P'igure 3.5-4; Outer Container - View from Sackside 
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Th« payloAd tnvatopa of tha innar containar ia given in Figure 3.5-5. AU waits axcapt tha bottonn piaca hava 
U-shapa stringers with axparlmant attachnr^ant holes. Exparlmant equipment will be mounted to these holes 
by means of experimenter provided M5 bolts and nuts , Only where the holes are not accessible from the 
outside captive MS are nuts provided. 


TOP PLATE 

▼ 



are used ( see Fig. 3.5 - 8a ) 


Figure 3.5-5: Container Payload Envelope 


The attachment hole pattern is defined in Figure 3.5-€a to 3.5-6d . 


J 


B 3.5 - 6 



ESA REF 
SLP/2104 

NO 

2 

i 

EUROPEAN SPACE AGENCY 
SPACELAB PAYLOAD ACCOMMODATION HANDBOOK 
APPENDIX B 

ISSUE 1 

REVISION 0 
DATE 31 JULY 1978 

1 


TO^ PLATE 



SECTION 



- 51M- 
4Kt00«400 



Figure 3,5 - 6a : Inner Containar -Attachmenc Provisions -Top Plate 
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Figure 3.5 - 6b ; Inner Container- Attachrnent Provisions - Bottom Plate 
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Pigur# 3.5-Sc: Inntr Container-Attachment Provisions - Side Walls 
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3»5» ^ .3 Overhead Container P'Um Stowage KU 

Each film stowage Kit consista of 

- restraints, ue. hinged doors which restrain films In the container but still allow a view to 
container contents 

- top and bottom cover which provide a flat surface msioe the container 

“ adapter plates which are additional side walls naving slits with a pitch of 12.3 mm 

- separator sheets which are metal sheets sliding into the slits of the adapter plates 
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Figure 3.5-7a:Ftlm Stowage Kit - Overview 
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Figure 3.5-7d; Film Stowage Kit -Adapter Plate and Separator Sheet, 
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C«afrying Capability di* Cve^ead^Stowage Containers 


t?c,!i mass 'jt* kg, distributed within the over heap stowage container, cor re soon ding to a mass/volume 
tf' jC**^ "•’v/'n , can oe accommodated under the following local constraints* 

• Max. load carrying capabUlty oer stringer * 16 kg 

• Max. load carrying capability per attachment point 'see Fig, 3,5-5a, b and c) is limited on 
.vrich, and how many, of the five attachment points jf a stringer to P^) are used. 

3et tatfle 3.5-1 . 

F-jr ma^E *';*<aticn, at least two stringers and three fixation points are to be used. 


Too> 3.5 - ^‘'o.vaple masses for local loading of stringers ( c.g.nnax distance 40 mm ) 


Attachment Points Used 
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P_ ikd) I 

■ ■■■' nnax I 

P^CP^) p 5 j'F_^)-per attachmenti 


point 
3, D 
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3.3 



I a. ** 

1 L 



Stowage Container Stringer 


For dynamic ''esoonsii, the lowest oermissiole frequency of 35 Hz is to be observed for each mass point. 
H#nce the n-.aximum allowable c.g, distances frorn the wall of the masses to be accommodated are further 
constrained by this low-frequency requirement. 

For instance .for cato stringers 80 mm apart, the maximum allowable wall distance of the c.g. for an 
actachfd mass must not exceed 40 mm, 

3.5,1. 3 Mechanical Environment 

The mechanical environment is as given in para. 3, 4. 6 - Overhead Structure, 
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3.5.2 Rack Stowage Container 

Rack stowage containers can be mounted in the lower part of an experiment rack and also in the upper part 

of a rack if the cable tie down struts at the rear of the rack are removed. The substructure necessary to mount rack 

0 

stowage containers into the lower or upper parts of a rack is provided by Spacelab.The containers can be 
o 

turned around 180 to have the door either left or rlghthand hinged. Figure 3.5-8 gives an illustration 
of th# containers located in the upper part of the rack. Substructures for mounting givtn (n this section 
are designed for the smaller depth of the upper part of the rack. Mounting substructures for the lower portion 
of the rack » With greater depth, are similar. 

Stringers inside the container walls provide for tne attachment of experiment equipment by meant of 
experiment oroviced substructure .For film stowage purposes such substructure,a Film Stowage Kit, 

IS provideo oy Spacetao. 


\~ 



Figura 3.5 - 6 : RacK Stowage Container - explooed View 


L 


Note; Spacelao provides four (4) secs of substructures for the lower part and four (4) sets for the 

accommodation in the upper part of the rack. The latter ones are used for the installation of the 
stowage containers in the work bench rack! 
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3 . 5 . 2 . 1 Aec ommodation Gaometry 

The envelope provided for the accommodation of payload equipment within the mounting stringers on both 
side walls, the rear wall, the top plate and bottom plate is shown in Figure 3.5 - S .it must be noted that 
envelope shown provides no dynamic clearance for payload. 

A general view showing the external features of the rack stowage container, Including the rack mounting 
substructure,i3 shown in Figures 3.5 - B and 11* 
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Figure 3,5-9 j Payload Envelope 
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3, 5.2, 2 Experiment Attachment Interface 

All walls of the rack stowage container have j-shaped stringers at the inside with experiment attachment 
holes. Experiment equipment wilt be mounted to these holes by means of experimenter provided M5 bolts 
and nuts. It should be noted that the actual mounting to the attachment holes requires access to the outside 
of the container. 
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Figure 3.5-12: Rack Stcwage Container Attachment Provisions. 
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3. 5. 2. 3 Rack Concalner Film Stowage KU 

Each film atowagt kit oonsistt of 

*• top and bottom adapter platta wmch have sUta w\th a pitch of 11 .42 mmm 

- separator sheets which are thin metal sheets sliding into the sUts of the adapter plates 



ADAPTER PLATE 


Figure 3 . 5 - 14 ; Rack Film Stowage Kit-Cverview . 
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3, 5, 2, 4 Uoad Carrying Cap«bUlti«s of Rack Stovvagt Cont»iri«r 


A coCa( mass of 25 kg distrtbutsd withtn ths rack scowags conCainsr,ccrrtsponding to a mass/voluma ratio 
3 

of 300 kg/m'^ can ba acconrimodacsd undar cha following *ocal constraintsj 


o Max. allowabir wall distanca of the c.g, for an attach^pd mass must not excFsd 50 mm 
o Max. load carrying capability p«r stringer » 7 xg 

o Max. load carrying caoabtUty par attachment point is limited, aapandlng on which, and how many, of the 
fWt attachment points of a stringer (P^ to P^) are used. Sea table 3.5-2, 


Tapia 3.5 - 2; 


Allowable Masses for Local Loading of Stringers ( c.g, distanca max, 50 mm ) 


1 Attachment Points Used | 

P (kg) 

max ^ 

per attachment 
point 

p,(pg) 


>=3 

'=4''=S> 

pjp\: 

X 

X 




3.5 

X 

X 

X 



1 .9 

X 

X 

X 

X 


1.4 

X 

X 

X 

X 

X 

1.2 


X 

X 



2,4 


X 

X 

X 


1 .7 




Stowage Container Stringer 


For dynamic r eoponsa, the lowest permissible frequency of 35 Hz is to be observed for eacn rraas point. 
Hence Che mavqmjm allowable c.g. distances from the wall of the nnasses to be accommodeteH are further 
constrained by this low frequency requirement. 


For instance, for two stringers at a distance of 80 mm, the maximum allowable wall distance of the 
c .g for an ittached mass must not exceed 40 mm . 

3.5.2, 3 Mechanical Environment 
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The mechanical environment for the rack stowage containers is described in para, 3. t .8, Rack Mechani- 
cal Environment and (s the same as for other rack mounted equipment. 
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3,6 Common Pay loao Support equipment 

3,6, \ Air'ocK 

3 , 6 , t , 1 Accommodation Geometry 

The overaH dimensions of the air’ocK and the dynamic payload envelope are defined in Figure 3,6-1 
and 3.6 - S . 

The air*oc'< experiment taole is shown in more detail in Figure 3.6 -3. 
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3, 0.1. 2 Experiment Attachmtnt Interr'ac* ^ 

Experiments in the airlock nave to be attached to the airlock experiment table (see Figure 3,6 - 3» 4 and 5). 
The experiment taole has bAo cnannei oars in which four experimenter provided T - bolts slide and to which 
tne experirrent is tied down, Loads in the direction of the channel bars are taken by two experimenter 
provided pip pins (sec Figure 3.6-7) which pass througn holes in the chsnnel bar and the T - bolta. The 
location of these holes along the channel is given in Figure 3.6 - 6, 

As shown in Figure 3.5-4 and S the inner end of the experiment taole carries a harness support bracket 
:d tie down the loose pigtail of experiment harness I or experiment harness II respectively. The harness 
oigtails inc'voing the pUgs are attached to the support bracket by the use of quick release fasteners (see 
“igure 3.5 - 5) and mating dummy jacks. 

Power and signal harness attached to the suoport oracket form separate bundles 

- Experiment harness I I'Figure 3.6-4) 

FAU power harness: CBT-P1 , POt , PC2 

Pigtail length: about 550 mm 

Signal harness: P03, P04, P05, P18 

Pigtail 'ergtn: about 750 mm 

- Experiment harness II (Plgure 3.5 - 5) 

PAU oower harness: C3T-P1 , POI^ P02 

Pigtail length: aoout 56J mm 

Signal .harness: F03 

Pigtail length; about 75 3 mm. 

This harness 3 ,.Dport bracket can oe removed only if the experiment provides for the tie down of the 
oose pigtail ano the connectors. 
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Figure 3.6-4 ; experiment Taole witn Support Bracket for Harness ! 
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Figure 3.6-7 «hovv» th« a«Utted dlmtnsions of user provided T^bolts and pip pins, which have to fit In 
the experiment table channel oara« 


SECTION A-A 




Zl — 

ILji 


BEPRODUCrolLITY OFT^ 
OBIGINA' 


Experiment Table 
Channel Bar 
Cross Section 


J3 


L-»J 


'"Material j Ai 2n Mg Cu 1 .5 

7075 T 7351 ( US Standard ) 
or 3,4374 ( German Standard ) 


M 10 


min. 17 

L 


= Q . 3 X 


■i: 

1 

1 

• 1 { 

-'f, 

1 

min. 43 

■•ii 

iL 

L 1 = 



-•-L-.i 


L 


!M^5x 45 C4x) F 11 
^ ~ 4.8 — 

-18.5-1 

User Provided T - Bolt M 10 


“’•I 

in I 


■0=- 


-25- 


1 ® 

CT] 2 



REPRODUCIBILITY OF THE 


User Provided Pip Pin APTr^TMAT n A 

Ref. Type BLC-3R10N ( supplier A VDEL - BURBANK, PAGE IS POOR 


Figure 3.6 - 7 .* Table Rat! ~ DetaU* 
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3,6. 1 .3 Attachment Interface Requirements 


Requirements which ensure full load carrying capability , 

e Experiments (or each individual piece of eq-jipment) shall be mounted to the experiment table 

by at least four attachments; two acUchments on the + Y channel bar and two on the - Y channel 
bar, equally spaced by at least 300 mm. 

• One attachment on each rail shall be locked by a pin capable of transmitting loads In the 
direction of the channel bars. 

e The orojection of the c,g, of the experiment (or each individual piece of equipment) onto the 

experiment table plane shall be within the area defined by the four attachments. 

Requirements which ensure the capability to retract or to jettison the exceriment taole ( the Oroiter cargo 
bay doors cannot be closed wnen the experiment table is extended ). 

• Distortions of the experiment cable introduced by the experiment shall ce limited either in 
force or in local displacement; i,e. the force shall be less than 50 N perpendicular to the 
olane of the taole or the local disp'acement snail be *ess than 0,5 mnh out*of-plane . This is 

CO ensure prop^-r caole excension and retraction operations, Even in failure cases, experiments 
shall - sjnder no circumstances - introduce a force ac:ing on tne experinrent taole which is 

3 

more than TBD N (tentatively aoout 10 N order of magnitude). This is to ensure proper 
jetcison capaoiUty for the taole and experiment, 

• Experiments shall be thermally isolated from the experiment cable such that the heat flow Joes 
not exceed TBD W per rail to avoid thermal deflection of the experiment taole. 

• If experiments deploy devices outside the experiment envelope of the airlock the deployment 
force and speed shall be such that: 

a) no impact hazard exists at spontaneous deploy (during check-out or contingency 
EVA). 

b) human inten/ention is possible in jamming cases (e.g. removal of obstructing ele- 
ments during contingency EVA), 

c) Maximum load for experiment configuration change of deployable devices s'' all 
not exceed 50 N (1/4 max, crew habitability load), 

Reouiremencs to ensure integrity of experiments and the airlock. 

• The experiment shall be designed to withstand a shock of TBD when oumping against 
the extension stop . 

• Loads applied to the free end of the extended or retracted table shall oe such that tha 
load component in the xy-plane Is less than 500 N , 
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3. 6 .1.4 Alignment 

Tht allgnmtnt accuracy of* tha airlock txparimanfe table with rafarence to tha modula coordinata ayatam 
it given in Tab la 3.6 • 1 .These values have bean calculated taking into account 
• tolerances for play 

- pressure effects on module and airlock 

- temperature effects 


Table 3.6 - i i Alignment Accuracy of the Airlock Experiment Table 




mm 

X y z 

arc min 

a P y 

Table stoweo 

+ 0.5 

+ 0.6 

+ 3.7 

- 0 

+ 4.5 

+ 3.1 
- 3.7 

+ 6.2 

Table ceployeo 

+ 1 .5 
- 1 .4 

+ 3.2 

+ 5.2 

-0 

+ 23.0 

+ 5.6 
- 6.2 

+ 6.3 


Notes These data are no specification values - 
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3.6.t,5 EPOS ZOOMS lnterrac« 

Th« EPOS / CDMS tnt«rfac« is at th# axtendaole/retractaole taole itseti' as shown In Figure 3,6 - 4 and 5* 
The electrical characteristics of this interface are defined in Appendix A. 

The electrical bonding has to be performed at the -fy channel bar of the table which is at the drive side 
of the airlock ( see Figure 3.6 - 8 ), 


TCP VIEW AIRLOCK 


Non - Drive Side 



Flight Direction 


Grounding on Drive Side 



Figure 3.6 - 8 : Bonding interface 
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3«6.1.d SCS lnt*rfac«t 

Tht airlock doaa net proviaa ECS sarvicts to axpartmanta »Whef) <jxttnOed into spaca tharmal control 
has to b# pari'ormad by mtans of pasaivt tharmal control and/or altctrical htating. 

Whtn atowad in tha airlock T80 W of axparinnant ganaratad haat can oa accommodatad by tha airlock. 
Whan ratractad into tha modula tharmat control ia providad by tha cabin air loop. 

Tha poiiibiUty axlata to perform Uquld cooling by uaar providad liquid cooling Unas routad through 
tha utility faadthrough holas in tha airlock shall ( saa 3,6, 1,7), 
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3. 6. 1.7 


UciUty Routing 



Two fxp«r|rrnnt d«dlcattd utiUty f«*dthrough holt* art locattd at tht lowtr part of tht airlock shtU 
C ••• Fi^urt 3*6 - 2 ), However ,th*st holt* havt to bt considtrtd as a futurt txtension capability 
rathtr than as a rtadily usablt exptriment interfact.lf tht utiUcy fttdthrou^h hole* are used tht 
txptrimtnttr ha* to providt 

- feedthrough connectors or fitting* and associated cabling and plumbing 

- guidance support of tht utUlties inside the airlock to enable proper operation 
of the experiment table 

- a utility break device to enable emergency jettison of the experiment table 
if the experiment use of the airlock involves table extension into space. 

Details of the utility feedthrough holes are given In Figure 3.6 - 9. Possible ways of routing utilities 
in the module to the airlock are shown in section 3.9. 



Figure 3.6 - 9 ; Utility Feedthrough Holes 
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3 ,3 , 1 . 8 Exp«rim«nt Taolt Load Carrying Capability 


i,.xal Load* 

Tha allovvabla limit load for each experiment table attachment bolt is given in table 3.6 - 2 . 
Table 3.6 - 2 ; Allowable Limit Loads Per Attachment Bolt 



in X direct. 

in Y direct. 

in Z diract. 

Allowable limit 
load in N 

3500 

640 

2100 


Overall Load Carrying C apabiUty 

The maximum experiment mass is 150 kg for on orbit operations 

100 kg for ascent and descent 

If no kAU IS f*o/vn in the airlock, an additional indeoendently mounted experiment mass of 10kg 
may be accommodated. These maximum values are only valid Anen experiments are att^' led in 
accordance with the mounting requirements defined in para 3.6.1 ,3 . 

When experiments with masses greater tnan 10kg are installed, experimenter provided MGSE is 
needed to support the experiment mass during installation on the table and for extension/retraction 
on the ground , 

The c ,g. constraints for the 100 kg payload installed during ascent and descent are given in Figure 
3.6 - 10 and 1 1, 
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3.6.2 


Viewport Assembly 



Tht vitwvporc asttmbly baiicatly is a 30 cm diameter window with inner and outer cover as shown 
in Figure 3.6 - IS. Three identical units are used in Spacelab; 

o A viewport assembly is permanently installed in the aft end cone as basic 
Spacelab equipment ( aft viewport ). 

o A viewport assembly is included in the CPSE Viewport Adaptor Assembly 
o A viewport assembly is included in the CPSE High Quality WindowAfiewport Assembly. 
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3. 6. 2*1 Payload Attachment Intftrfact 


If the inner safety cover la removed experiment equipment can be mounted to the viewport assembly 
using the three safety cover attachment points on the viewport flange. Location and details of these 
safety cover / experiment attachment points is shown In Figure 3.6 - 13. 


3. 6. a. 2 Load Carrying Capability 

The maximum allowable experiment mass that can be attached to the viewport assembly is ; 


On Orbit ; 

25 kg 

Ascent/Oescent 

0 kg 

Emergency Landings 

25 kg 

C.g, envelope : 

TBD 
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3.6,3 Aft Viewport 


The location of the viewport assembly at the aft end cone Is shown in Figure 3.5 - ia and 15 . 

Also shown are the handrails adjacent to the aft viewport whtcn may serve for experiment attachment. 
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Figure 3,o - 15 


Aft Viewport Location 
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Viewport Ad«pUr Assembly 


As shown In Figure 3.6 - 16 the viewport adapter assembly combines the viewport assembly with an 
adapter plate wnich allows mounting to the module 1.3 m top openings. 
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3*6t4»l Payload Attachment Interface 


There are 0 identical hole pairs on the rein of the adapter plate for attachment of hand rails and/or 
experiment eouipment as shown (n Figure 3.6 - 19^ Tne handrails can oe mounted alternatively in X or 
y direction according to experiment requirements . 


3. 6. 4, 2 Load Carrying Capability 

If nothing is mounted to the viewport assembly itself the maximum allowable experiment mass that can be attached 
to the adapter plate is t 


On Orbit j 

50 kg 

Ascent/Descent : 

0 kg 

Emergency Landing ; 

50 Kg 

C ,g. envelope ; 

TBD 
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3*7, Exp«ri(n«nt Vent Assembly 


The purpose of the experiment vent asiUfimbly is to provide Spf celab users with the capebUity to evecuete 
specific experiment chambers. The manual vent valve includes selective flow restriction to control chamber 
decompression rates by placing the built-in butterfly valve into precalibrated and fixed positions between 
closed and full open. 

The vent assembly has the male part of a quick disconnect in the cabin* The female coupling of the quick 
disconnect Type - CARLETON CONTROLS INTERNATIONAL, Experiment Vent Assembly, drawing number 
P/N 2810-0000 as well as flexible and rigid vacuum line routing to the experiment chamber, mounting 
substructures etc, , are to be supplied by the user* 


Figure 3.“" - 1 shows the location of the upper forward end con# feedthrough. Figure 3.7-2 give# the layout 
of the upper forward feedthrough and Figure 3.7 - 3 shows the interface between vent and feedthrough. 
Details of the vent assembly are given In Figure 3,7 - 4 . 
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An ov*rvt«w or eh* conn.ctor br«ck*e« which ar* totally or partly *xperim*nt 0*dlcat*d Is giv*n to 
Flgur* 3.8-1 .For •l.etrical ch*r*ct*ristics r*r*r*nc* is mad* to th* corresponding sections of 
Appendix A. 7h* connector brackets which ar* at standard experiment location* ar* described in 
the corresponding section* o' this appendix ( e.g. rack, center aisle, airlock ). The connector brackets 
which can be described on a module system level are given below .These ar* 

- th* Signal connector bracket* CB 50 and CB S which provide the int»t*r#c* to 
Spacelab aubiysterns 


- tha easantial powtr connector brackets CB 6,CB 16 and CB 28 which provide 
the interface to the experiment essential power bus 

- the CPSe connector brackets CB 18, CB 25 end CB 26sThese connector breckeU 
provide a power interface if no common peyloed support equiprrent ( CPSE ) is 
inscelled ( CB 18 and CB 26 ) or a stngnal interface to experiment equipment located 
in the CPSE airlock < CB 25 ) . 
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Flguf*^ 3.0 - 3c • Vicinity cf CB 50 
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Trie view in y-z- p'ane and the UnK t’o the experiment utiltty routings will be supplied 
m a ^ater issue . 


Pigure 3.8 - 2d ; Vicinity of CB 50 
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3, 8.1, a Connector Bracket CB 5 

Figure 3.8 - 3« shosA/s th« location of C0 5 on th# subi*loor of th« core segment, The vicinity of CB 5 
and the attachment to the aubfloor panel are depicted in Figure 3,8 - 3c while Figure 3.8 - 3b gives 
the detailed panel lay-out. For functional description see section 5.3,1 of Appendix A. 
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Figure j 3,8 - 3a Location of C8 5 on the Subfloor 
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Further dtCatts as sids of section A • A and the ItnK to the experiment 
utility routings will be supplied in a later issue. 


Figure 3.8 - 3d j Vicinity of CB 5 
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3,8.2 Connector Bracktt* for Essential Power 

3. 8, 2,1 . Connector Bracket CB 6 


The location of CS 6 in the mainfloor Is depicted In Figure 3,8 - 4a. Figure 3.8 - 4c show* the vicinity 
of CB 6 and the attachment to the mainfloor while Figure 3.6 -> 4b gives the detailed panel lay-out. 

For functional description see section 3.4 of Appendix A. 



Figure 3. 8 - 4a ; Location of CB 6 in the Mainfloor 
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Figure 3.8 - 4b : Panel Lay-Out of CB 6 
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Figur® 3.8 - 4c : Vicinity of CQ 6 
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The link to the experiment utility routings wiU be supplied in a later issue. 


REPRODUCIBILITY OF THE 
ORIGINAL PAGE IS POOR 


Figure 3.9 - 4d : Vicinity of CB 6 
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3. 0,2. 2 Cooneckor Brackets CB 16 and CG 20 

Ths connector brackets CB 16 and CS 20 are located (n the mainPloor as depicted in Figure 3.8 - 5a. 
Both connector brackets are Identical with respect to lay-out and attachment to the mainfloor .Therefore 
Figure 3.B - 5c shows as an example the vicinity and the attachment of CS 16 while Figure 3.8 - 5b 
shows the detailed panel lay-out. For the connector notation of C6 28 sec para. 3. 4.1 of Appendix A. 
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Figure 3.8 - 5a : Location of CB 16 and CB 28 in the Mainfloor 
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The UnK to th* exoerjr-i*'*t utility routings wiU bs supplied In a later Issue 
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Figure 5,8 - 5e j Vicinity or CB ^6 
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3»Q.3 CPSE Connector Brackets 

3*8.3. 1 Connector Bracket CB 18 

The location of C8 18 in the overhead structure is depicted in Figure 3.8 - 6a. Figure 3.8 - 6c shows 
the vicinity of CB 10 and the attachment to the overhead structure while Figure 3.8 - 6b gives the 
detailed panel lay-out. Per functional description see section 3.7,1 of Appendix A. 
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Figure 3.8 - 6a ; Location of C^?nnector Bracket CB 18 
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‘ Coiinector Brackets CB 25 and CB 26 



Th« conntctor brackets CB 25 and C3 26 art locattd in tht ovtrhtad structurt as dtpicttd in Flgurt 3.3 * 7a. 
Both conntctor bracktts art identical with rtsptct to size and attachment to the ovtrhtad structurt. 

Figure 3.8 - 7c shows the vicinity of CB 25 and CB 26 while Figure 3.8 - 7b gives tht detailed panel lay-outs 
andas an example the attachment af C3 25 to the overhead structure.F?»r functional description see section 

5. 2 and 3,7,2 of Appendix ^ . 
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Figure 3.8 - 7a; Location of CB 25 and CB 26 tn the Overhead Structure 
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VIEW I set Fig. 3,8 - 7c 
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Figure 3.8 - 7b t Panel Lay-Out of C8 2S and CB 26 
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3.6.4 Aft End Cont Fttdthrough 

Th« us«r dtdic«t«d aft tnd cont fttdthrough,C6 30, is dtpicttd in Figurt 3.8 • 6 

Tht uttr dtdlctttd utUity routing tnvtioptt (vicinity) of CB 30 art shown in Figurt 3.6-9 
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Figurt 3.8-8: Aft End Cont Fttdthrough, Connector Bracket CB 30 
(User Dedicated Blank P late ) 
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3.9.5 Mechanical Environment 

For the mechanical environment of CB 5,CS SO which are mounted on the honeycomb 
structure of the subfloor, see Figure 3.8-tOa and 10b 


For the mechanical environments of the remaining connector brackets, see the 
resoecti ve sections: 


e For CB 31 and CB 32 see para. 3,3. 1 . 5. 1 

e For CB 9, CB 16 and CB 28, which are mounted on the floor strjcture, 

see para .3. 3. 1.5.7 

e For CB 26, CB 25 and CB 10 mounted on the overhead structure, see 

pvra. 3.4.5 

e For CB 30, mounted on the aft end cone, see para, 3. 6. 2. 6 

e For rack bottom connector brackets see para. 3.2.7 

e And for the airlock connector brackets, see para. 3. 6.3.6. 
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3.9 Modult Utility Routing Provision 

3.9. 1 Main Floor Routing 

Undar tha modula main floor thare ara provisions for experiment utilities to be routed batwaan 
Racks 

Center aisle 

Spacalab subsystems CCB 5, CS 50, etc.) 

Pallet 

AFD 


The provisions comprise the definition of envelopes reserved for experiment utilities and the definition of 
dedicated attachment points . 

The cabling and/or plumbing itself and any necessary support devices - such as cable trays, clamps, and 
fasteners - have to be provided by the experimencer/payload integrator. 
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Figure 3,9-1 Utility Routing Envelope 
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Figure 3.9 - aa : Utility Routing Envelopes-Core Segment (Plan View) 
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SECTION M 


MCTION C*C 



Figure 3.9 - 3b : Utility Routing Fnvelopes-Experiment Segment 'Cross Section) 


3.9,1.2 Main Floor Utility Attachment provisions 

These are attachment holes in the transverse beams of the main floor structure which are for the attachment of 
utilities and utility support structure. The attachment to these holes will be performed by user provided M 5 
bolts and nuts. 


The location of these attachment holes is shown in Figure 3,9 « 4. 
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3.9 -* 4a : Utility Routing /attachment Provisions 














Figure 3.9 — 4c : Utility Routing /ivttachment Provisioni 
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3,9.2 V«nt Ltna Routing 

Exparlmentar provided venk llnat can be routed to the experlnaent vent valve along the upper parks of tha racks 
as shown In Figure 3.9 - 5. 

The experiment vent line can be routed From the starboard side as well as from the port side, 

It is possible to accommodate a vent line of up to 60 mm outer diameter without Interrerence with rack equip- 
ment. Only in the vicinity of the airlock interference with equipment in upper part of the racks cannot be 
avoided. 

The Spacelab provisions for vent line routing comprise the definition of envelopes reserved for vent lines and 
the definition of mechanical attachment points. 

The vent line itself and any necessary support device - such as brackets, clamps, and fasteners - have to be 
provided by the expertmenter/payload Integrator, 
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figure 3.9 - 5 e . v.nt Lin* Routing rrom Starboard , Viaw to To^ 
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Figure 3.9 - 5f : Vent Line Routing from Starboard Side , Side View 
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Figure 3.9 - 5g : Vent Line Routing frorn Port Side , Forward View 
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Figure 3.9 - 5h ; Vent Line Routing from Port Side , Side View 
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Vent Line Atcachnnent provisions 

For vent lire attachments to racH: front panel attachment holes can be used, i,e. vent Une bracketry is put on 
too of the front panels of rack equipment and bolted down together with the front panels. 

This method is also possible ac the control center rack and at the work bench rack as shown m Figure 3.9-6 
At the work bench rack dedicated holes are provided because there the rack front panel attachment points are 
covered by the stowage container door. 

In the forv/ard end cone area suoport brackets can be attached to the overhead structure using the overhead 
stowage container attachment points Caee Figures 3.9 - 5d, 5e, 3g, 5h, 5i )» For a vent line routed from 
port side additioral attachmert ;o the lamp support structure is possible. 
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3,9. 2.3 Vent Line Design Requirements 

The experimenter provided vent Une and the related attachment structure must full^Ul the following require- 
ments? 

• The vent line shall be designed such that it can be easily removed From the experiment vent 
assembly during on-orbit mission phases, 

• The vent line shall have a shut-oFF valve to shut oFF the connection to the experiment being 
vented. 

• The vent Une shall have a device that allows the repressurisatlon oF the vent Une , 

e The vent Une attachment design shall be capable of accomm.- ig rack to rack and rack to 

forward end cone deFlectlons as deFlned in Table 3,9 - 1 

• The vent line attachment design shall not preclude the removal oF control center rack and 
work bench rack equipment For maintenance purposes, 


Table 3.9-1 s Rack / Rack and Rack / Module Shell DeFlection 


(tern 

Re ative Deflection 

[mrr^ 


X 

+ 

- cix 

'±6y 

t Jz 

Single Rack / Douole Rack 

< 3, e 

<'6.8 

0.6 • 

< t .0 

Double Rack / Double Rack 

5,8 

6.8 

I 1.0 ; 

s * . C 

WBR / Double Rack 

2.C 

5.1 

I 

< 1 ,0 j 

< 1 .0 

CCR / Double Rack 

a.c 1 

5, 1 

<1.0 

< l.c 

CCR / Module Shell 

1 

13.2 I 

13.2 

N/A 

N/A 

WBR / Module Shell 

j 

13.2 . 

i L 

13,2 

N/A 

N/A 


Sign convention; 

f6x » widening 
-0^ = closure 
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3.9.3 Experiment Heat Exchanger Secondary Loop Routing 


In the following figures possible routing concepts for the experimenter provided plumbing of the secondary 
loop of the heat exchanger are shown. The liquid line routing shown takes into account various rack 4 configu- 
rations, l.e, rack equipped with 

e experiment heat exchanger plus module experiment cold plate 

and 

e experiment heat exchanger only 

and it takes Into account the use of the secondary loop in various locations, l.e. 

e secondary loop completely inside rack 4 

e secondary loop completely outside rack 4 

e secondary loop Inside and outside rack 4 

Also shown is the routing of the secondary loop Into the module overhead area, 

it should be noted that the secondary loop itself (plumbing and pump), and all necessary support devices - such 
as brackets, clamps, and fasteners - have to be provided by the experimenter/payload Integrator. 
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Figure 3.9 - 7c; Rack 4, Heat Fxchanger / Coldplate Configuration, 
Secondary Loop Inside 
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B 3.9 - a? 


Figure 3.9 - 7f; Rack 4 , Heat Exchanger Configuration Secondary 
Loop Inside / Outside 
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Figure 3.9 -7h; Exp. Utility touting Envelopes 







